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PREFACE 

The  rapid  growth  of  the  automobile  industry  has  resulted  in  a 
■arked  increase  in  the  number  of  automobile  repair  shops  and^  as 
Hie  sale  of  cars  augments  yearly,  the  demand  for  mechanics  skilled 
b  the  art  of  caring  for,  adjusting  and  repairing  automobiles  will 
Bontinue  to  grow  in  proportion.  Then  again,  many  cars  are  pur- 
chased by  people  in  moderate  circumstances  or  others  remote  from 
irpair  shops  who  desire  to  make  their  own  adjustments  and  minor 
Kpairs.  Many  excellent  mechanics  in  other  lines  have  felt  that  the 
itttomobile  business  offered  opportunities,  but  were  unable  to  avail 
Sjttmselves  of  them  because  of  lack  of  knowledge  of  motor  car 
■mstniction. 

The  writer  obtained  much  practical  knowledge  of  automobile 
■Kehanism  first  hand  as  a  repairman  in  the  earlier  days  of  the 
Bitomobile  industry  and  often  felt  the  lack  of  definite,  scientific 
kstruetions  for  doing  various  classes  of  work  in  a  practical  manner. 
When  one  considers  that  the  modern  automobile  is  a  complex  assem- 
of  many  different  groups,  it  is  not  difficult  to  understand  why 
excellent  machinist,  for  instance,  may  be  unable  to  repair  a 
g  and  lighting  system  because  of  lack  of  electrical  knowledge, 
why  the  electrician,  to  whom  this  work  is  not  difficult,  may  be 
liable  to  refit  bearings  or  time  a  motor  valve  system.  The  practical 
^-around  automobile  repairman  must  not  only  understand  machine 
^rk  and  metal-working  tools  of  all  kinds,  but  must  also  possess 
e  of  the  knowledge  of  the  electrician,  plumber,  wood-worker, 
ibber-worker,  tinsmith  and  blacksmith. 

It  is  the  purpose  of  the  writer  to  outline  the  essentials  of  auto- 
bile  repairing  in  a  way  that  will  be  understood  by  all  with 
inary  mechanical  ability.  Much  of  the  material  will  prove  of 
al  value  to  the  chauffeur,  owner  and  general  mechanic.  The 
r  has  been  collecting  notes  and  sketches  for  this  treatise  ioT 

rer  eleven  years  and  has  bad  an  exceptions!  opportunitv  to  sup 
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plement  the  practical  knowledge  obtained  as  a  repairman  by 
careful  observation  of  the  experiences  of  others. 

With  the  object  of  outlining  the  entire  subject,  the  various  item 
of  equipment,  tools  and  special  appliances  to  facilitate  repair  wcH 
are  covered  fully  and  a  concise  review  of  the  various  mechanic! 
processes,  such  as  autogenous  welding,  brazing,  soldering,  etc,  i 
given  as  well.  Many  Tables  and  Formulae  are  included  pertainii 
to  things  the  repairman  should  know  or  have  available  for  read 
reference.  Special  attention  has  been  given  to  the  electrical  systen 
because  it  is  on  this  point  that  many  repairmen  and  motorisl 
desire  enlightenment.  It  is  assumed  that  the  reader  is  familiar  1 
a  certain  extent  with  automobile  construction  in  general.  If  infoi 
mation  is  wanted  on  points  of  design,  etc.,  the  reader  is  referre 
to  *'The  Modem  Gasoline  Automobile,"  a  previous  work  of  tl 
writer. 

As  many  establishments  are  being  started  from  time  to  time  1 
care  for  the  increasing  number  of  motor  vehicles  sold,  some  sugge 
tions  for  planning  and  equipping  various  sized  shops  should  I 
timely  and  of  value  to  those  intending  to  start  such  an  enterprii 
There  are  many  conditions  to  be  considered,  and  no  hard  or  fai 
rule  can  be  made  to  cover  all  contingencies.  The  equipment  neede 
to  do  work  in  a  most  satisfactory  manner  will  vary  with  the  size  C 
the  shop  and  character  of  cars  repaired.  The  writer  will  confit 
this  discussion  to  useful  suggestions  that  can  be  applied  specificall 
to  the  machine  or  other  shop  that  specializes  in  repair  work. 

Most  of  those  outlined  have  no  facilities  for  doing  a  garage  fl 
storage  business,  but  the  plans  may  be  modified  and  applied  to  shoj 
operated  in  connection  with  a  garage  or  agency  for  cars  as  wel 
While  the  equipment  proposed  is  most  comprehensive  in  the  case  c 
the  larger  establishment  and  suflRcient  to  build  all  parts  of  a  mote 
car  if  necessary,  the  facilities  may  be  increased  or  reduced  as  tl 
capacity  of  the  shop  requires.  In  planning  a  new  shop  or  enlargia 
a  business,  some  of  these  suggestions  may  be  of  value,  and  it  is  we 
to  note  that  proposals  made  for  tools  or  equipment  and  floor  plax 
described  are  based  on  actual  experience  of  successful  shops. 

The  Author. 

I'ebruaiy^  191S, 
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AUTOMOBILE   REPAIRING 

MADE   EASY 

CHAPTER   I 

THE  AUTOMOBILE  REPAIB  SHOP 

Seqairements  of  Buildings  Utilized — ^Lighting  Methods — ^Heating  and  V< 
tilation — ^Arrangement  of  Departments — ^How  Baw  and  Finished  Sto 
Is  Stored— ^Planning  Small  Shop— Arrangement  of  Medium  Size  Sh 
— ^Typical  Large  Service  Station — ^Assembling  Boom  Equipment 
Bench  Construction — ^Bench  Furniture — Assembling  Boom  Furniture 
Pit  Construction — ^Tum  Tables — Lifting  and  Moving  Appliances — ^Mach: 
ery  Equipment  for  Small  Shops — ^Equipment  for  Complete  Machine  Sh 
— Power  for  the  Shop^Electric  Power — Small  Generating  Sets — ^The  G 
and  Gasoline  Engine — ^Power  Needed  for  Various  Machine  Tools — Inst 
lation  of  Machine  Tools — ^The  Lathe  Types  and  Accessories — Shape 
Planers  and  Drilling  Machinery — ^Miscellaneous  Appliances— 'Air  Compr* 
Bor  Equipment — Fuel  Storage  Methods — Shop  Forge  Equipment. 

I  The  care  and  maintenance  of  automobiles  is  one  of  the  mc 
I  important  branches  of  this  large  industry  and  as  great  advanc 
have  been  made  in  the  erection  and  equipment  of  establishmen 
for  repairing  these  vehicles  as  in  the  design  of  the  automobih 
The  equipment  of  a  service  station  will  vary  from  a  very  simp 
tool  outfit  of  the  small  shop  mechanic  to  the  more  expensive  i 
stallation  found  in  metropolitan  service  stations.  Many  speci 
appliances  have  been  evolved,  especially  for  automobile  repairii 
and  special  tools  and  fixtures  have  been  contrived  by  the  ingenio 
mechanic  to  simplify  repair  work.  Before  describing  the  pr 
cesses  incidental  to  the  repair  of  the  various  motor  car  componen 
the  writer  believes  that  a  discussion  of  the  equipment  needed  f 
repairing  will  prove  of  value  to  those  who  are  about  to  erect  i 
automobile  repair  shop  or  service  station,  as  well  as  to  those  wl 
plan  to  increase  present  more  or  less  limited  facilities.     Sever 
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important  points  that  are  apt  to  be  neglected  by  the  average  archi 
tect  in  designing  a  garage  or  repair  shop  building  will  be  eo| 
sidered  first  and  then  the  equipment  of  tools,  supplies,  and  speeiij 
appliances  necessary  to  furnish  the  repair  shop  in  a  first  dai 
manner  will  be  discussed. 

Bequirements  of  Buildings  Utilized. — Structures  that  ha^ 
been  used  in  another  business  do  not  always  give  full  satisfactkj 
when  remodelled  and  equipped  for  motor  car  repairing.  The  Oil 
general  fault  all  of  these  buildings  have  is  inadequate  lighttn 
facilities,  and  they  are  seldom  properly  heated  or  ventilated.  Lar| 
wooden  structures  formerly  used  for  carriage  or  wagon  shops,  livei 
stables,  etc.,  are  often  utilized,  but  these  are  invariably  very  il 
flammable,  which  alone  should  condemn  them,  even  if  the  prop< 
lighting  and  heating  facilities  were  installed. 

Many  buildings  have  been  erected  for  repair  shops  or  garag( 
that  are  lacking  in  conveniences  not  included  because  of  lack  i 
experience  on  the  part  of  architects  or  builders,  who  do  not  undel 
stand  the  requirements  of  the  repair  business.  These  buildiii| 
obviously  could  be  improved  in  arrangement  and  even  in  detai 
of  construction  by  those  familiar  with  the  restoration  of  aut 
mobiles  and  their  component  parts. 

Any  structure  used  for  motor  car  housing  or  in  repair  wen 
should  be  absolutely  fireproof,  which  means  that  only  materia 
having  the  desired  qualities,  such  as  steel,  brick,  stone  or  concrot 
be  incorporated  in  the  construction,  with  a  minimum  of  woO( 
The  building  should  not  be  more  than  two  stories  high,  if  the  lail 
is  available,  though  large  establishments  in  the  heart  of  big  eiti 
will  have  to  be  three,  four  or  five  stories  in  height,  depending  upi 
the  size  of  the  lot  available,  the  floor  space  needed  and  the  prevai 
ing  prices  of  real  estate.  If  it  is  to  be  operated  in  connection  wil 
a  garage  business  on  the  same  premises,  the  repair  shop  should  1 
in  the  second  story,  the  storage  room  on  the  ground  floor. 

In  any  event,  the  point  of  using  natural  to  the  exclusion  ( 
artificial  light  cannot  be  too  firmly  impressed  on  the  builder.  M 
chanical  work  of  all  kinds  demands  the  best  of  light,  and  in  tho 
buildings  utilizing  daylight  in  preference  to  electricity  or  oth 
source  of  illumination,  not  only  is  the  work  carried  out  bette 
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Qt  a  large  item  of  expense,  which  must  be  included  in  the  fixed 
larges  of  operation,  is  eliminated.  The  best  construction,  and  one 
liit  has  been  demonstrated  to  be  thoroughly  practical  in  large, 
■odem  manufacturing  establishments,  is  a  steel  framework,  with 
Kmerete  walls  pierced  by  many  large  windows,  and  a  sawtooth 
loof.  The  advantages  of  this  construction  over  that  using  ordinary 
Aylights  IS  that  the  sun  cannot  shine  in  directly  to  interfere  with 
tte  work,  as  the  openings  point  toward  the  north,  a  stronger  roof 
kiving  more  openings  for  light  is  obtained,  and  there  is  no  possibil- 
ity of  water  leaking  in.  What  is  most  important  in  the  northern 
skates,  the  light  will  not  be  shut  out  as  much  by  snow  during  the 
vinter. 

It  is  well  to  remember  when  planning  large  shops  having  more 
than  two  floors  that  high  structures  involve  the  use  of  power  ele- 
Titors,  so  the  cars  can  be  taken  from  one  floor  to  the  other,  with  in- 
creased overhead  expense  as  it  augments  the  cost  of  handling  cars, 
either  in  repair  work  or  storage  for  which  no  charge  can  be  made 
file  patron. 

Lighting  Methods. — The  lighting  problem  can  be  viewed  from 
two  aspects :  that  of  general  illumination  and  the  equally  important 
«ie  of  individual  lighting.  For  the  former,  powerful,  though  well 
diffused  lights  are  wanted,  these  being  placed  high  enough  so  they 
will  be  out  of  the  way  and  yet  give  as  much  as  possible  the  gen- 
ffil  effect  of  daylight.  The  amount  of  illumination  needed  varies 
with  the  different  departments  and  the  class  of  work  carried  on 
therein,  but  in  making  determinations  it  is  always  best  to  err  on 
the  excess  side  than  to  attempt  to  economize  at  the  expense  of  the 
iyea  of  the  workman.  This  is  poor  economy  because  it  reacts  di- 
•ectly  upon  the  quality  of  the  work  turned  out  by  the  shop.  In 
he  car  assembling  or  overhauling  department,  the  general  illumi- 
lation  should  approximate  about  120  candle  power  to  every  200 
quare  feet,  while  in  a  regular  shop  or  room  where  the  general 
tghting  means  is  supplemented  by  individual  lamps  at  vises  and 
rop  lights  to  carry  to  the  cars  themselves,  the  allowance  of  100 
indle  power  of  general  illumination  to  300  square  feet  floor  area 
"ill  be  found  ample.  Machine  shop  lighting  should  always  be  on 
very  liberal  scale  and  should  not  only  include  good  geiiet«\  *iXVu- 
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mination  but  individual  lighting  as  well.     The  general  pr; 
in  most  shops  is  to  use  small  units  and  plenty  of  them.     T 
two  to  sixty-four  candle  power  lamps  or  other  equivalent  ra 
are  suspended  over  each  machine  tool  where  great  accuracy 
work  is  not  essential,  these  including  such  appliances  as  shiq[M| 
planers,  emery  wheels,  arbor  presses,  drilling  machines,  etc. 
lathes,  milling  machines  or  grinders,  where  accurate  cuts  must 
taken,  the  individual  lamps  should  be  supplemented  by  arc 
or  powerful  Tungsten  lamp  clusters,  supported  from  the  ce; 
and  well  shaded  to  reflect  the  light  where  it  is  needed.    One 
power  per  square  foot  floor  area  in  addition  to  the  Individ 
lights,  which  should  be  at  least  50  candle  power  over  each 
designed  for  accurate  work  should  be  allowed  in  the  machine  shi 

Where  electric  current  is  available  the  most  suitable  lamp 
the  viewpoint  of  steadiness,  quality,  and  intensity  of  light  is  til 
incandescent  filament  lamp  using  the  Tungsten  alloy  illuminatiB 
element.  The  flaming  arc  is  an  economical  light,  but  it  is  far  froi 
being  steady  and  its  color  is  such  that  it  is  hard  to  discover  fid 
lines  or  colors  having  a  bluish  tinge.  The  fluctuation  in  an  af 
light  and  even  the  clicking  of  the  regulating  mechanism  may  bl 
come  very  annoying  when  engaged  in  fine  work.  Many  garage  an 
repair  shop  proprietors  in  small  towns  where  there  is  no  centn 
lighting  plant  find  it  desirable  and  economical  to  generate  thd 
own  current  by  any  one  of  the  many  small  individual  lightiq 
units  sold  for  this  purpose  using  a  gas  or  gasoline  engine  as  powei 
The  electric  current  reduces  the  fire  risk  and  as  it  is  the  moi 
convenient  form  of  energy  for  generating  power  to  operate  mi 
chine  tools,  the  installation  of  individual  ligliting  plants  is  justiflo 
by  the  many  advantages  accruing  from  the  use  of  electric  curreni 

Where  electricity  is  not  available  it  is  rarely  possible  to  fin 
either  coal  or  water  gas  such  as  generated  by  a  public  service  coi 
poration.  In  many  small,  isolated  communities  it  may  be  necQi 
sary  to  use  acetylene  gas  generated  on  the  premises.  Some  favc 
kerosene  or  gasoline  vapor  lamps  in  which  incandescent  mantll 
are  employed.  One  popular  lamp  in  the  rural  sections  which  burn 
oil  under  air  pressure  producing  a  Bunsen  flame  capable  of  hea;! 
jDSr  the  usual  incandescent  thorium  mantle  is  called  the  **Washiiij 
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■i"  lamp  and  is  a  very  economical  method  of  lighting.    It  is  ap- 

irmt  that  any  system  of  illumination  that  involves  the  use  of  a 

iked  flame   introduces  an  item  of  fire  risk  that  is  very  unde- 

inble  in  a  building  where  the  fumes  of  gasoline  are  present. 

Electricity  is  not  only  the  safest  method  of  lighting  but  the 

pDDgsten  lamp  is  the  nearest  to  sunlight  of  the  artificial  radiants. 

Vhere  electricity  is  available  it  will  be  poor  economy  to  use  other 

Mans  of  lighting,  except  for  general  illumination  as  by  groups 

f  incandescent  mantle  gas  lamps.    For  individual  lighting  the  elec- 

cie  lamp  is  the  most  suitable  because  it  is  safe,  compact,  clean, 

bes  not  give  out  much  heat,  is  portable  and  can  be  used  in  any 

iQBtion.    There  is  no  other  means  of  artificial  lighting  that  permits 

mt  to  obtain  all  of  these  desirable  requirements  in  combination. 

SoDsidering  the  relative  cost  of  the  various  methods  of  lighting, 

he  following  table,  based  on  the  cost  per  100  normal  candle  hours, 

piU  prove  useful : 

Gents 

Washington  light   0.238 

Flaming  electric  arc  0.381 

Mercuiy  vapor  lamp   0.595 

laeandescent  gas  light 0.595 

Incandescent  petroleum  light 0.714 

Direct  current  electric  arc 0.942 

Osram,  zircon  and  tungsten  lamp  1.190 

Kerosene  burner 1.666 

The  writer  has  frequently  noticed  the  use  of  poor  droplights 
h  garages  which  are  not  only  undesirable  because  of  the  physical 
fiseomfort  entailed  by  the  action  of  the  electric  current  upon  the 
knman  system,  but  also  because  of  the  liability  of  fire.  The  wire 
hid  sockets  of  these  lamps  are  subjected  to  very  severe  treatment 
md  they  soon  cause  trouble  where  a  cheap  equipment  has  been 
provided,  because  the  insulation  of  the  wire  deteriorates  and  will 
mse  a  short  circuit  whenever  it  comes  in  contact  with  the  metal 
fui  of  the  frame  or  of  the  various  parts  of  the  human  system 
Aich  will  provide  a  path  to  the  ground  for  the  current.  Where 
I  current  of  110  volts  is  used,  there  is  no  danger  of  severe  or  per- 
iment  injuries  because  of  contact  with  such  a  *'live  wire/'  Wt 
m  aeDsation  is  decidedly  unpleasant,  to  say  the  least.    Cases  ^ 


22 


Automobile  Repairing  Made  Easy 


i 


been  observed  by  the  writer  where  a  fire  has  been  caused  b 
of  such  defective  insulation  of  the  wire.    One  case  in  particular 
been  distinctly  impressed  on  his  mind  because  .he  was  in  a 
beneath  a  car  at  the  time  of  the  fire.    A  helper  was  washing 
mechanism  with  gasoline,   preparatory  to  an  overhauling, 
plenty  of  vapor  filled  the  air.    A  partly  bare  spot  on  one  of 
wires  became  crossed  with  the  frame  work  of  the  car  and  the  b: 
liant  spark  resulting  ignited  the  gasoline  immediately.     The 
and  pit  were  in  flames  and  had  it  not  been  for  the  presence 
mind  of  another  mechanic  with  a  chemical  extinguisher  in  d 
with  the  blaze  before  it  assumed  dangerous  proportions,  the  resi 
might  have  been  more  serious. 

In  figuring  on  a  droplight  equipment,  the  best  material  sho 
be  obtained.  It  is  a  ** penny  wise,  pound  foolish'*  policy  to 
materials  for  which  the  only  recommendation  is  cheapness, 
wire  should  be  provided  with  a  very  heavy  insulation,  and  need 
be  very  flexible.  Beware  of  lamp  cord,  as  it  is  of  no  value  for 
under  severe  conditions.  The  best  and  heaviest  sockets  should 
used.  The  writer  would  advise  the  use  of  some  that  had  ei 
a  very  heavy  porcelain  or  hard  rubber  insulation  around  tb 
Then  comes  the  choice  of  proper  cages  or  shields  and  handledj 
There  are  cages  now  marketed  that  are  of  heavy  construction, 
wire  of  which  they  are  composed  being  nearly  an  eighth  of 
inch  in  diameter.  These  ^dll  prove  to  be  the  cheapest  in  the 
In  assembling,  it  will  be  found  best  to  wind  plenty  of  electric 
tape  around  the  ^dres  for  the  entire  length  of  the  drop.  This  nd 
only  serves  as  an  additional  insulator,  but  takes  much  of  the  wetfj 
that  would  otherwise  come  upon  the  insulation  of  the  wire  propeij 
and  it  may  be  easily  renewed  when  it  shows  signs  of  wear.  It  wiD 
be  found  well  to  solder  all  the  connections  at  the  socket  and  rosettlj 
as  there  is  nothing  more  disconcerting,  when  a  difficult  or  tediom 
job  of  fitting  or  adjusting  is  being  performed,  than  to  have  I 
''winking'*  light  to  work  with,  which  is  liable  to  fail  at  the  tiim 
it  is  needed  most. 

Heating  and  Ventilation. — It  is  very  important  that  the  work' 
rooms  should  be  kept  at  comfortable  temperature  during  coU 
weather.  About  75  degrees  Fahrenheit  is  usually  considered  correet 
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it  may  be  lower  than  this  if  the  men  are  engaged  in  active 
In  the  macliine  shop  where  men  must  stand  quiet  much  of 
time,  the  temperature  should  be  higher  than  in  the  erecting 
where  they  are  constantly  moving  around  and   handling 
this  tending  to  keep  the  blood  in  circulation.    It  is  a  mis- 
idea  on  the  part  of  some  shop  managers  that  the  men  must 
iblf  frozen  so  they  will  exert  themselves  more  than  if  conditions 

more  favorable  to  comfort. 
[  Hiis  is  true  if  the  temperature  is  much  too  high,  but  there  is 
danger  of  this  happening  in  a  large  shop  having  considerable 
to  absorb  heat,  and  where  the  doors  are  opened  to  admit 
many  times  each  day.    A  man  cannot  work  with  any  degree 
lecoraey  if  his  fingers  are  numb.     Wlien  shops  are  cold,  the 
itives  compensate  for  this  by  wearing  heavier  extra  clothing 
hampers  their  movements  appreciably.     What  is  gained  in 
is  lost  in  labor,  to  say  nothing  of  the  effect  unfavorable  con- 
have  on  the  dispositions  of  the  workers. 
Of  the  methods  of  heating  in  vogue,  the  writer  unhesitatingly 
lends  steam  or  hot  water,  in  connection  with  judiciously 
radiators  and  pipes.    The  amount  of  radiator  surface  needed 
id  be  computed  very  accurately,  and  can  only  be  determined 
taking  into  account  the  character  of  the  walls,  number  of  win- 
eubical  contents  of  the  rooms  to  be  heated,  the  facilities  for 
ition,   the  number  and  size  of  doorways  and  many  other 
ions  best  considered  by  a  competent  heating  and  ventilating 
)T.     The  steam  or  hot  water  boiler  has  the  advantage  of 
ig  warm  water  at  all  times  for  washing  purposes,  and  as 
radiators  may  be  shut  off  if  too  warm,  the  temperature  can 
icgulated  to  suit  requirements  and  to  secure  economical  and 

it  heating  from  the  fuel  burned. 
The  problem  of  ventilation  is  one  that  is  of  importance,  though 
character  depends  upon  the  type  and  construction  of  the  build- 
used.    Repair  shops  are  usually  of  large  size,  and  have  large 
in  proportion  to  the  number  of  workmen  employed.     In 
eases  of  ground  floor  shops,  this  ratio  is  so  large  that  no 
provision  need  be  made,  the  air  being  changed  often  enough 
amrer  all  practical  needs,  as  the  main  entrance  is  opened  ar  "* 


L 


24 


Automobile  Repairing  Made  Easy 


closed.    "With  a  number  of  upper  floors,  conditions  are  diffi 
and  in  such  cases  every  endeavor  should  be  made  to  reneir^ 
least  one-tenth  of  the  total  contents  every  hour.    In  paint 
smith,  and  testing  or  adjusting  rooms  where  noxious  fumes 
be  present,  and  in  small  rooms  where  the  number  of  worl 
greatly  in  excess  of  the  air  space  available,  no  less  than  half 
contents  should  be  renewed  hourly.    The  suggestions  for  bi 
heating,  lighting  and  ventilation  apply  to  all  shops. 

Building  Arrangement. — As  an  example  of  the  amount  of 
allowed  in  a  building  devoted  to  both  a  garage  and  repair  bi 
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Fig.  1. — ^Floor  Plans  of  Garage  and  Repair  Shop. 

the  floor  plans  of  a  garage  located  in  a  city  of  forty  thousand ; 
habitants  is  presented  at  Fig.  1.    This  building  has  a  frontage 
74  feet  and  is  150  feet  deep.    The  front  faces  a  main  street  and 
occupied  by  a  sales  room  30  feet  square  in  one  comer,  and  a  md 
oflBce  of  the  same  size  in  the  other  corner.     The  sales  room  h| 
an  attractive  show  window  across  the  entire  front,  and  the  ofh 
departments  are  also  liberally  provided  with  windows.     One  $M 
of  the  plant  faces  an  alley  extending  tlie  entire  distance,  and  thai 
i9  also  an  alley  to  the  rear.    This  offers  tlie  important  advantaf 
of  providing  a  situation  on  what  is  practically  three  well  pavi 
streets.    The  alley  to  the  north  is  practically  exclusive  and  aflEon 
the  company  a  chance  to  store  many  cars  during  the  day  and  \ 
the  same  time  leaves  plenty  of  room  for  the  vehicles  to  mo^ 
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nmd.  The  plant  has  five  entrances,  the  main  entrance  at  the 
mt,  which  is  14  feet  wide,  two  to  the  repwr  department,  one  at 
t  rasT  to  the  main  garage  and  one  in  the  room  set  apart  for  the 
moDStrating  car.  All  entrances  measure  14  feet  acr(»8  and  are 
iply  high  to  permit  the  entrance  of  the  largest  motor  truck. 
K  building  is  of  hrick  and  concrete  construction  and  is  two  stories 


height  at  the  front.  The  second  floor  front  is  occupied  by  the 
t  repair  department  and  the  stock  room.  Skylights  over  tie 
■air  depeirtment  and  the  garage  proper  furnish  plenty  of  light 
m  above. 

The  floor  space  on  the  main  floor,  back  of  the  office  and  sales 
m  is  therefore  divided  into  three  sections.  The  repair  depart- 
it  is  30  feet  wide  by  120  feet  long  and  is  situated  to  the  rear 
the  office.    The  garage  proper  is  to  the  rear  oi  ttie  show  Toom 
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and  is  44  feet  wide  and  120  feet  long.  The  repair  departnu 
sufficiently  large  to  employ  18  men.  The  building  is  heated  j 
steam  which  is  furnished  by  a  heating  plant  in  the  basement  ^( 
derneath  the  main  office. 

The  floor  plan  at  Fig.  2  is  that  of  a  small  building  di 
exclusively  to  repair  work  and  is  suitable  as  a  design  for  a 
to  be  placed  at  the  side  or  rear  of  a  garage.    This  building  4 
only  offers  ample  room  to  work  on  seven  large  cars  but  also  pi 
vides  for  a  complete  machine  tool  equipment  and  ample  space  t 
office  and  stock  room  furniture.     There  is  but  one  entrance,  fh 
being  located  at  the  front  of  the  plant.     The  dimensions  of  t 
building  and  the  arrangement  of  the  various  departments  are 
clearly  shown  that  further  comment  is  unnecessary.    Floor  pis 
are  also  given  at  Figs.  3  and  4  for  a  medium  size  service  statk 
while  a  large  departmentized  repair  shop  is  shown  at  Fig.  5. 
medium  size  repair  sliop  having  a  commendable  arrangement 
machinery  and  still  leaving  ample  space  for  working  on  a  go 
number  of  cars  is  shown  at  Fig.  6.     In  many  large  cities  it 
necessary  to  use  buildings  having  more  than  one  story  on  accou 
of  the  value  of  land  in  business  or  manufacturing  sections 

A  typical  arrangement  of  a  converted  factory  building  tb 
has  worked  out  fairly  well  for  a  service  station  is  showTi  at  Fig. 
This  is  operated  exclusively  as  a  repair  shop  and  has  compk 
facilities.  The  building  is  of  brick  and  while  not  as  well  adapt 
for  motor  car  repairing  as  the  specially  planned  structure  at  K 
6  is,  it  has  been  remodelled  to  good  advantage.  The  building 
165  feet  long  and  36  feet  wide  inside  the  walls.  Considering  tfa 
the  building  is  an  old  one  built  before  the  days  when  the  proviai^ 
of  ample  light  was  considered  one  of  the  essentials,  it  is  fairly  w< 
lighted  during  the  day  as  the  walls  are  pierced  with  many  smi 
windows.  At  night  a  large  number  of  Tungsten  lamp  groups 
high  candle  power  furnish  the  general  illumination.  Both  floo 
are  divided  into  three  rooms,  the  largest  104  feet  long  being  used 
an  assembling  and  storage  room  on  both  floors.  On  the  lower  flo 
there  is  an  intermediate  room  28  feet  long  into  which  the  elevat 
leads  that  is  also  used  for  assembling  and  overhauling  purpo» 
The  remaining  small  room  on  the  ground  floor  which  is  25  f€ 
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g  is  divided  into  three  parts,  one  being  used  for  an  office,  the 
ters  for  stock  and  tool  rooms,  respectively.  Nine  large  pits  are 
>vided  on  this  floor  and  there  is  also  ample  bench  room.  This 
>und  floor  assembly  department  is  devoted  to  work  that  does  not 
rolve  taking  down  a  car  to  any  extent  such  as  fitting  various  ac- 
sories,  tuning  or  adjusting  engines,  repairing  clutches,  brakes, 
les,  etc.,  and  other  work  that  will  not  lay  up  a  car  for  more  than  a 
w  days.  There  is  a  large  door  at  one  end  to  permit  cars  to  enter 
rectly  from  the  street  and  a  smaller  entrance  at  the  other  leading 
iTectly  into  the  passage  way  in  front  of  the  stock  room  counter 
rer  which  the  patrons  are  served.  There  is  also  a  large  door 
pening  into  the  rear  of  the  elevator,  permitting  cars  to  run  on 
le  elevator  when  this  is  in  its  lowest  position,  either  from  the 
bop  interior  or  from  the  street. 

The  upper  floor  is  divided  in  much  the  same  manner  as  the 
ower  one,  the  largest  room  being  used  for  overhauling  purposes, 
he  36  X  28  feet  room  is  used  as  a  machine  shop,  while  the  small 
room  over  the  office  and  stock  room  is  used  as  a  forge  and  tinsmith 
diop.  A  large  skylight  in  the  roof  of  the  blacksmith  shop  gives 
much  needed  light  on  the  anvil  and  bench.  There  are  no  ^its  in 
this  floor  but,  as  is  the  case  with  the  one  below,  there  is  an  over- 
head track  extending  the  full  length  of  the  room  for  travelling 
chain  falls  attached  to  the  ceiling.  The  equipment  of  the  machine 
•hop  is  very  complete  and  enough  tools  are  provided  so  that  it  is 
possible  to  duplicate  any  part  of  any  automobile.  The  equipment 
shown  at  Fig.  6  is  also  very  complete. 

In  the  building  outlined  at  Fig.  6  which  has  been  designed  ex- 
clusively for  automobile  repair  work  it  will  be  noticed  that  the 
»aw  tooth  roof  and  the  many  windows  make  for  maximum  day- 
light illumination.  The  windows  of  the  saw  tooth  should  always 
face  toward  the  north  to  get  the  best  light  and  prevent  annoyance 
due  to  the  sun  shining  directly  in  during  the  day.  The  building 
may  be  of  either  brick  or  concrete  and  while  the  arrangement  de- 
picted is  very  good,  the  plan  may  be  varied  to  suit  individual  re- 
quirements. It  will  be  observed  that  there  are  two  main  entrances, 
one  a  small  door,  leading  directly  into  the  machine  shop,  while 
there  is  a  large  main  door  by  which  the  cars  enter  the  repair  %hop 
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bill  be  noted  that  the  office  is  placed  in  such  a  way  that  all  that 
■I  on  in  either  the  machine  shop  or  the  assembling  department 
m  be  seen  by  the  executive  or  manager.  The  location  of  the 
■k  and  tool  room  in  the  machine  shop  is  logical,  as  it  is  most 
■icoient  for  the  men  who  have  frequent  need  of  special  tools. 
liBen  on  the  assembling  floor  usually  have  their  own  outfits, 
■MS  the  machinists  are  continually  using  special  drills,  taps, 

■  azui  cutters  that  the  company  must  furnish.  A  person  cannot 
kr  the  machine  shop  without  first  passing  the  clerk  in  either 

■  cffiee  or  the  stock  room,  as  wickets  in  the  walls  of  these  rooms 
ning  the  passageway  open  directly  into  the  narrow  hall  provid- 

■  aecess  to  the  machine  shop.  A  pair  of  large  double  doors 
nnteB  the  machine  shop  from  the  assemblying  room  as  it  is 
Ib  necessary  to  move  in  bulky  portions  of  automobiles  for  at- 
■bn.  In  the  building  shown  the  boiler  room  is  partitioned  oflE 
■I  the  assembly  room  and  it  is  not  intended  to  have  any  base- 
lit  If  a  cellar  is  provided,  however,  the  heating  boiler  may  be 
Ind  therein  and  be  out  of  the  way.  The  equipment  of  the 
mu  departments  which  can  be  applied  to  any  of  the  repair 
■I  shown  will  now  be  considered  in  connection  vnXh  the  logical 
nigement  of  the  repair  shop  department. 

flntngement  of  Departments. — In  arranging  the  departments 
Vlayont  should  be  for  greatest  efficiency  and  convenience.  This 
mA  to  the  repair  shop  as  much  as  to  the  manufacturing  plant, 
Umtelligent  study  will  often  result  in  changes  which  will  ma- 
hUy  increase  efficiency.  Many  shops  are  not  profitable  because 
lliek  of  organization  and  lack  of  system,  while  others  are  liandi- 
Iped  because  of  poor  general  arrangement.  The  owner  or  mana- 
^of  a  small  shop  may  consider  that  the  installation  of  a  methodi- 
i^em  for  record  of  the  cost  and  progress  of  the  work  involves 
expense  that  is  unnecessary,  and  many  shops  are  conducted  by 
A  or  miss  principle  when  simple  accounting  methods  and  organi- 
ion  of  force  would  make  them  much  more  profitable.  Too  much 
Bern,  however,  is  as  bad  as  not  enough,  so  a  happy  medium  be- 
m  the  two  extremes  should  be  adopted.  There  should  be  some 
inet  scheme  of  organization  in  every  shop  of  any  size,  espe- 
\Y  in  those  which  employ  18  or  20  men,  and  this  can  be  advan- 
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ij  followed  where  only  five  or  six  are  employed,  to  the  ex* 
*  properly  apportioning  the  responsibility  and  authority. 
)  plan  shown  at  Pig.  3,  A,  is  a  one-story  structure  with  a 
ry  frontage,  having  a  capacity  for  30  cars.  The  building 
it  120  feet  long  and  40  feet  wide,  divided  into  departments 
venience.  The  ground  floor  contains  four  departments.  The 
ipartment  is  about  40  by  20  feet,  which  is  again  divided, 
1  room  and  oflSce  being  10  feet  wide  by  16  feet  long,  the 
e  room  about  30  feet  wide  and  20  feet  long.  The  rear  of 
ip  is  partly  divided  by  a  partition  extending  about  15  feet 
be  right  wall,  and  about  20  feet  from  the  rear  wall.  The 
ack  comer  is  partitioned  by  a  brick  wall  into  a  room  about 
wide  by  10  feet  deep,  this  serving  as  the  boiler  room  for  the 
:  plant.  The  space  between  the  front  and  back  portions, 
10  feet,  is  used  for  general  repairing,  for  taking  cars  apart 
^ring  cars  ready  for  delivery, 

ground  floor  has  been  divided  into  four  parts — the  tool 
ind  office,  the  machine  shop,  the  assembling  bay  and  the 
iling  room.  The  second  story  is  about  25  feet  deep  and  as 
at  Fig.  3,  B,  is  divided  into  three  parts,  a  stock  room  with 

frontage,  a  battery  room  10  feet  wide  and  a  tire  repair 
he  same  size  as  the  stock  room.  The  entrance  for  cars  is 
dde  of  the  building,  and  the  door  opens  into  the  large  room 
Qoachines  can  be  run  directly  back  into  the  overhauling  de- 
Dt,  or  ranged  along  the  walls  of  the  assembling  room.  A 
assage  leads  from  the  small  door  at  the  side  directly  to  the 
»  shop,  though  all  entering  must  first  pass  the  office  before 

admittance  to  the  other  departments.  The  plan  shown 
applied  only  where  the  building  is  located  at  a  corner,  or 
here  is  a  short  street  or  alley  at  either  side.  This  form  of 
ction  permits  one  to  take  advantage  of  the  whole  front  o^ 
p,  and  no  space  is  sacrificed,  as  would  be  the  result  if  the 
ttrance  and  passage  were  located  at  the  front  of  the  building, 
office  and  tool  room  are  partitioned  from  the  machine  shop 
thing  and  wire  netting  or  grillwork,  the  wood  of  the  par- 
eing  about  four  feet  in  height,  all  space  above  to  the  ceiling 
lied  by  wide  mesh  net.     Thus  the  tool  room  is  effectuaW'" 
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&nated  from  the  machine  room,  and  yet  all  that  goes  on  in  either 
Kb  ean  be  seen  by  the  superintendent  when  in  one  room  or  the 
flkr.  Two  partially  open  partitions  extend  the  width  of  the 
KiDomy  the  one  separating  it  from  the  passageway,  the  other 
Kb  the  machine  shop.  In  each  partition  is  placed  two  windows, 
Ini  by  swinging  screens.  Along  a  portion  of  the  side  wall  and 
Wkf  the  stairs  are  tool  racks,  while  many  of  the  smaller  and 
BeB-called-for  tools,  such  as  drills,  taps,  dies,  reamers,  etc.,  are 
■ried  on  pyramidical  revolving  racks.  These  racks  can  also  be 
■rI  to  advantage  for  nuts,  bolts,  machine  screws,  splitpins  and 
■or  small  stock  often  demanded. 

■  The  bookkeeper  and  clerk  share  a  common  desk  ranged  along 
Slide  wall,  while  the  stenographer  has  a  typewriter  desk  between 
lltwo  windows  communicating  with  the  passageway  from  the 
ki  This  makes  it  possible  for  the  stenographer  to  wait  upon 
■tomers  appU'ing  at  either  window.  The  one  nearest  the  door 
■miits  a  visitor  to  talk  with  either  the  clerk  or  bookkeeper,  while 
■t  at  the  other  side  of  the  desk  allows  the  caller  to  talk  to  the 
■eriDtendent  or  manager,  whose  desk  is  conveniently  placed  so 
Kt  he  ean  look  into  the  shop,  keep  his  eye  on  the  tools  and  stock, 
K  with  either  bookkeeper  or  clerk,  or  dictate  a  letter  to  the 
■tographer  without  leaving  his  chair.  As  no  modern  business 
■eomplete  without  telephone  service,  a  single  desk  instrument 
■li  extension  cord  is  placed  on  the  stenographer's  desk,  and  can 
■used  by  the  superintendent,  the  bookkeeper  or  the  clerk  without 
■ring  their  work. 

■  low  Raw  and  Finished  Stock  Is  Stored. — The  arrangement 
■i  type  of  the  racks  can  only  be  determined  by  the  nature  of 
p  nw  and  finished  material  carried  in  stock.  The  stock  room  is 
■iKtly  over  the  office  and  tool  room  and  a  dumb  waiter  or  small 
kator  as  well  as  a  stairway  connects  both  floors.  At  Fig.  7,  A, 
lihown  a  type  of  rack  that  can  be  used  to  advantage  in  storing 
Mil  parts,  this  having  lower  bins  of  larger  size  for  bulkier  arti- 
BL  At  B  is  shown  a  combination  rack  for  stock,  both  finished 
Id  rough,  having  a  series  of  pigeonholes  for  tubing,  bar  steel 
id  iron,  etc.,  while  the  type  at  C  permits  one  to  store  sheet  stock 
Iwdl  as  other  and  less  hvXky  articles.    A  practical  form  of  tf"^ 
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for  bar  iron  and  steel,  tubing,  etc.,  is  at  D,  this  being  a  » 
cast  iron  members  joined  by  through  bars,  so  coupled  as  to 
braces.  A  most  practical  form  of  rack  for  the  repair  shop 
room  would  combine  the  forms  shown  at  A,  B  and  C,  the  bi 
rods  being  put  in  from  one  end,  the  sheet  metal,  fibre,  etc. 
placed  in  the  compartments  at  the  other. 

There  is  no  need  of  mentioning  the  ways  in  which  nute 
machine  and  wood  screws  can  be  best  handled.  Any  stock  : 
experience  would  place  these  in  revolving  pyramidical  ra 


Fig.  7. — Bins  ajid  Backs  tar  Storing  Baw  Material  Used  in  Auto: 
Bepalr  Work. 


small  cabinets  where  they  can  be  easily  reached,  which  pen 
marking  for  ready  identification.  Wire,  rubber  hose,  flexib 
per  and  brass  tubing,  etc.,  need  only  be  coiled  and  placed  < 
TUiient  hooks;  pipe  fittings,  gaskets,  and  small  parts  sho 
strung  on  wires  and  suspended  from  nails;  sheet  packings, 
matting,  etc.,  ought  to  be  left  on  the  roll,  and  mounted  on 
so  they  can  be  easily  unrolled. 

A  desk  should  be  provided  for  the  stock  man  convenient 
stairs  and  dumb  waiter  or  elevator.  All  smaller  articles 
sent  from  one  floor  to  the  otiier  by  the  elevator.  The  oil 
stored  in  the  regulation  pump-fitted  tanks,  while  the  grea 
be  kept  in  the  original  package  if  bought  in  bulk.     These 


Stock  Room  Equipment  85 

red  in  the  tool  room,  as  well  as  other  stock  that  may  be  fre- 
\j  called  for.  A  good  place  for  both  oil  and  grease  is  under 
lirs  leading  from  the  lower  to  the  upper  floor.  A  convenient 
ft  place  for  waste  is  the  interior  of  the  revohdng  rack  on 
L  the  smaller  tools  are  placed. 

L  all  well  regulated  shops  there  is  a  system  of  tool  checking, 
!  the  workmen  being  provided  with  small  brass  discs  punched 
a  number  by  which  the  employee  is  known,  one  of  these  being 
odered  to  the  tool  boy  for  every  piece  taken  from  the  tool 
,  and  which  is  returned  to  the  workman  if  the  shop  tool  is 
ndered  in  good  condition.  All  broken  tools  should  he  im- 
ately  reported  to  the  master  mechanic  or  superintendent.  No 
ition  should  be  made  from  the  established  rule,  and  no  tool 
Id  go  out  of  the  tool  room  unless  properly  checked. 
.Very  stockroom  should  have  two  weighing  machines,  an  ordi- 
^>riiig  balance  registering  to  20  or  30  pounds  and  a  platform 
8D  that  all  raw  stock  bought  or  sold  by  weiglit  can  be  weighed 
*  acceptance  or  delivery,  and  it  will  be  found  a  distinct  con- 
aace  to  have  a  certain  portion  of  shelf,  table  or  wall  measured 
a  feet  and  inches  by  which  the  length  of  wire,  packing,  etc., 
be  quickly  determined  without  frequent  search  for  a  mislaid 
rule  or  yard  stick.  A  card  index  and  good  stock  numbering 
m  will  facilitate  finding  the  location  and  price  of  any  raw  or 
lied  material,  and  this  can  be  best  worked  out  as  the  actual 
litions  demand.  If  the  repair  shop  management  operates  a 
fe  and  agency  in  connection,  spare  parts  for  the  machines 
Id  be  kept  entirely  separate,  and  in  different  racks  or  bins, 
distinct  from  the  raw  material. 

Lockers  and  Washroom. — The  arrangement  of  lockers,  wash- 
«nd  toilet  facilities  are  shown  by  the  floor  plan.  The  wash- 
d  may  be  a  long  cast  iron  sink,  or  the  more  sanitary  enamelled 
vidnal  steel  washbowl  series  placed  in  the  market  recently. 
Bty  places  are  enough,  but  all  should  have  separate  hot  and 
I  water  faucets,  though  they  can  discharge  into  a  common  pipe. 
i  location  near  the  heater  simplifies  the  plumbing  and  provides 
^Water  without  delay  or  waste.  The  lockers  should  be  about 
Indies  square  and  six  feet  in  height,  having  a  shelf  about  a  font 
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Bn  the  top,  and  provided  with  hooks  for  clothes.  The  motal 
!lw<irk  construction  is  to  be  preferred  to  the  h\ss  sanitary  wooden 
aetnres.  All  doors  should  be  fitted  with  locks,  and  the  work- 
n  charged  a  nominal  sum  for  the  use  of  the  key,  to  be  forfeited 
th«  key  be  lost.  Two  series  of  10,  phiced  back  to  back,  are 
Bim.  another  series  for  the  overflow  being  ranged  ab^ng  the  o])- 
wie  side  wall,  or  any  other  convenient  place.  The  workmen 
folarly  employed  should  be  given  tlu^  series  nearest  the  sink, 
hile  the  extra  help  may  be  assigned  those  availabh*. 
Auembling  and  Overhauling  Departments.— l»ei'('rring  to  the 
lorplan  shown  at  Fig.  3,  A,  it  will  be  seen  the  rrniain<bT  of  the 
lildir^  is  divided  into  two  parts,  the  larger  room  for  light  r<'- 
nring.  assembling  and  taking  cars  apart,  and  for  storing  cars 
vaiting  attention  or  delivery,  while  the  l)aek  room  is  used  for 
ivfaauliag.  There  is  no  close  distinction  drawn  between  the  de- 
irtments,  however,  and  the  same  general  class  of  work  is  carried 
I  in  either  portion.  The  larger  room  has  a  cement  floor,  but  over 
b  is  laid  a  wooden  floor  which  runs  along  the  walls,  extending 
|kout  10  feet  from  either  side.  This  room  is  ])rovided  with  two 
as  shown,  and  directly  across  the  floor  from  the  entrance  is 
it€d  the  washstand,  so  that  a  car  can  be  run  in  and  cleaned 
rat  interfering  with  operations  in  the  shop.  The  object  of 
wood  floors  or  platforms  is  to  keep  the  workmen  fi'om  direct 
with  the  cement  floor,  especially  in  cold  weatln'r.  The 
on  which  the  door  is  placed  is  used  for  storag»%  wliih»  at  the 
ate  side  is  performed  the  work  ui)on  cars.  To  facilitate  work 
sare  time  several  Short  work  benches,  each  ])rovi(lcd  with  a 
feare  ranged  along  the  walls,  so  that  workmen  do  not  have  t<^ 
•  to  the  front  or  back  of  the  shop  if  beneli  work  is  nreessary. 
An  overhead  track  and  travelling  chain  and  tackle  make  pos- 
it the  lifting  of  the  front  or  back  end  of  a  ear,  or  carrying  an 
Ipfc-.  g»?arset  or  heavy  object  from  the  machine  I'ooin  clear  to 
sbaok  of  the  shop,  or  vice  versa,  without  trouble.  A  useful  ad- 
irt  is  the  travelling  crane,  shown  at  Fig.  IS  in  uses  mounted  on 
*is.  which  can  be  taken  from  one  part  of  the  shop  to  another, 
Lniijght  to  the  work  instead  of  the  work  being  taken  to  it,  as 
scesiiiarv  with  a  fixed  overhead  irack. 
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Constmction  of  Shop  Bench. — The  machine  or  repair  b 
bench  must  be  convenient  to  the  machines,  and  ample  space  shi 
be  allowed  for  a  person  to  pass  between  the  workmen  at  b^ 
and  machine.  Four  good  swivel  vises  and  two  surface  plate^ 
well  as  a  couple  of  small  bench  anvils  will  serve  for  a  small  d 
About  five  or  six  feet  of  bench  room  should  be  allowed  betii 
each  vise.  The  bench  will  be  about  two  feet  wide,  and  34  oi 
inches  high.  The  legs  can  be  made  of  iron  pipe  or  castings,  €1 
two  by  four  inch  scantling,  while  two  inch  planking  across  the 
will  form  a  backing  for  another  covering  of  seven-eighths  i 
hardwood  floor  strips  closely  fitted  together.  The  average  \ 
chine  shop  bench  of  rough  plank  with  gaping  cracks  along  the 
cannot  be  too  strongly  condemned,  as  not  only  is  it  difiScull 
work  on  the  irregular  surface,  especially  in  laying  out  fine  w 
but  many  small  parts  will  be  lost  by  falling  through  the  opeoi 
in  the  bench  top  of  the  floor.  A  strong  shelf  should  be  placed 
the  wall  about  two  feet  above  the  bench  for  tools,  stock,  etc.,  n! 
not  in  use,  and  a  heavy  shelf  under  the  bench,  about  18  inches  £| 
the  floor,  can  be  used  to  hold  the  odds  and  ends  accumulated  | 
machine  shop. 

A  very  practical  shop  work  bench  may  be  constructed  by 
cast  iron  bench  legs  that  may  be  obtained  upon  the  open 
as  a  foundation  to  which  the  timber  and  planking  of  whickj 
bench  is  composed  is  attached.     The  approximate  form  of 
these  legs  is  shown  at  1,  Fig.  9,  which  also  outlines  the  amoi 
space  recommended  between  the  bench  and  wall  for  heat  to 
and  to  check  window  draft.     This  space,  which  should  not 
than  three  inches  wide  will  also  allow  water  from  the  spi 
system  to  reach  any  fire  under  the  bench.     The  end  view 
the  usual  method  of  building  and  the  approximate  size  ot\ 
planking  of  which  the  bench  is  composed.     The  office  of  the 
iron  leg  is  to  make  possible  a  stiff  bench  without  depem 
the  walls  for  support,  as  is  the  case  with  the  usual  wooden  j 
bench. 

It  would  be  apparent  that  this  construction  lends  itself 
well  to  various  factory  conditions  as  the  bench  is  a  unit  st 
when  built  up  that  may  be  changed  from  place  to  place 
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damage.  The  brace  between  the  legs  is  just  at  the  right  hei 
from  the  floor  and  is  so  built  that  it  forms  a  basis  for  undemc 
shelf  and  bin  construction,  if  desired.  These  bench  legs  are  spi 
not  more  than  eight  feet  apart  and  the  benches  should  hav 
maximum  overhang  of  not  more  than  one  foot  as  shown  at  2,  ] 
9.  The  views  at  3  and  4  show  the  accepted  method  of  arraim 
the  planking.  The  system  outlined  at  4  in  which  hardm 
matched  flooring  is  used  is  a  very  satisfactory  one,  as  there  if 
opportunity  for  loss  of  small  parts  through  gaping  cracks^  i 
as  exist  in  the  usual  hastily  constructed  shop  benches.  The  melj 
of  using  the  bench  legs  for  support  of  bins  or  drawers  is  dei 
shown  at  7,  while  two  methods  of  corner  construction  are  sbl 
at  8  and  10.  The  former  shows  the  usual  practice  in  buildings 
bench  around  a  projecting  corner  while  the  latter  demonstn 
clearly  the  system  used  in  filling  a  comer.  The  usual  end  t 
struction  is  outlined  at  9. 

Bench  Furniture. — The  most  important  item  of  bench  fm 
ture  is  the  machinist's  vise  outlined  in  section  at  Fig.  10,  A.  Tl 
are  obtained  in  a  variety  of  types  adapted  for  the  various  mechfl 
cal  trades.  The  vise  for  the  automobile  repair  shop  should  h 
swivel  jaws  and  should  be  capable  of  being  set  at  various  positi 
relative  to  the  operator  by  means  of  a  swivel  base.  The  iSl 
shown  in  section  is  the  simplest  type  and  may  be  used  for  fnifli 
ing  most  of  the  bench  space.  Two  or  three  of  the  cheaper  siflq 
forms  of  vise  may  be  used  to  each  combination  swiveling  vise^ 
most  of  the  work  will  be  of  a  nature  to  which  the  simpler  via 
adapted.  The  various  forms  of  bench  vises  are  clearly  shown 
Fig.  11.  The  Massey  is  a  combined  form  adapted  for  pipe 
straight  work.  The  serrated  angular  jaw  plates  are  set  beneath 
parallel  jaws  used  for  straight  work.  The  Prentice  device  is : 
combination  form  that  may  be  included  with  advantage  in  the  eql 
ment  of  all  shops.  It  will  be  observed  that  the  back  jaw  is  monv 
in  such  a  way  that  it  mav  be  swiveled  to  assume  anv  desired 
when  an  irregularly  shaped  piece  is  to  be  held  by  lifting  out; 
locking  pin  A  which  serves  to  keep  the  jaw  in  the  parallel 
tion  when  it  is  in  place.  In  order  to  swing  the  entire  vise 
without  loosening  the  anchorage  plate  it  is  necessary  to  lift  the  ] 
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beeps  the  upper  and  lower  parts  of  the  hase  io  a  fixed 

her  form  of  bench  viae  that  is  of  value  when  fitting  small 
known  as  a  die  sinker's  vise  because  of  its  almost  universal 
leehanics  of  this  class.    This  is  carried  by  a  base  piece  hav- 


"ig.  10. — Some  Iiidlap«nwt)l«  Items  ot  Beoch  Equipment. 

i^e  ball  formed  at  the  lower  end  held  firmly  between  a 
kws  that  may  be  tightly  clamped  by  a  hand-locking  lever, 
w  apparent  the  use  of  a  ball  and  socket  joint  to  hold  the 
>les  the  operator  to  set  his  work  in  any  one  of  a  large 
if  positions.  By  releasing  the  clamp  lever  tlie  ball  is  free 
ket  and  the  vise  may  be  set  at  any  desired  angle. 
Mambian  pattern  is  the  old  stand-by  of  blacksmiths  and 
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Fig.  11.-~Ttpw  of  Tlaaa  Ad&ptad  for  Uia  in  the  Automobtla  B«p«ir  SI 
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3,  and  as  it  is  a  form  that  is  subjected  to  hard  usage, 
g  clamp  which  is  bolted  to  the  bench  in  the  customary 
e-enf orced  by  a  heavy  ball  end  supporting  foot  which 
t  floor.  This  form  of  vise  is  carried  out  further  from 
han  the  other  types  shown,  because  a  blacksmith  must 
I  pieces  of  iron  or  steel  and  bend  them  at  various 

of  the  pillar  for  supporting  the  vise  structure  is  made 
>ecause  the  work  is  often  subjected  to  heavy  blows  in 
\  smithing  operations.  The  Columbian  is  usually  in- 
:orge  equipment  and  is  used  at  the  blacksmith's  bench, 
wego  and  Saunders  are  forms  of  vises  used  only  for 
)es  and  rods.  These  employ  toothed  jaws  which  may  be 
I  the  frame  to  accommodate  various  sizes  of  pipe.  The 
e  frame  is  made  in  such  a  way  that  a  long  piece  of  pipe 
Id  by  opening  up  the  frame  and  slipping  the  pipe  in 
een  the  jaws  through  the  opening  provided.  In  the 
rise  it  is  necessary  to  put  the  pipe  in  end  first  which 
jonvenient  when  long  lengths  of  pipe  having  fittings  on 

handled.  Of  those  shown,  three  forms  should  be  in- 
the  equipment  of  every  repair  shop,  these  being  the 
jsented  by  the  Prentice,  Columbian  and  Oswego, 
r  item  of  bench  equipment  of  value  is  the  straight  edge 
''ig.  10,  B.  This  is  a  very  useful  tool  in  the  automobile 
>,  as  it  is  widely  used  in  testing  alinement  of  the  various 
ightness  of  frame  members  or  tubes  and  for  all  pur- 
pe  comparison  must  be  made  with  a  perfectly  true 
i  straight  line.  The  form  shown  is  made  of  cast  iron 
istruction  and  with  a  perforated  web  in  order  to  obtaiq 
strength  without  too  much  weight.  Another  item  of 
ment  is  the  surface  plate  which  is  shown  at  Fig.  10,  C. 
made  of  cast  iron,  well  ribbed  at  the  back  for  rigidity 
the  top  surface  planed  accurately.  A  surface  plate  is 
vhat  as  a  straight  edge  is  and  is  a  form  of  gauge  very 
letermining  flatness  of  surfaces.     The  bench  equipment 

include  a  variety  of  metal  hand  clamps,  two  forms  of 
shown  at  Fig.  10.    The  two  screw  type  having-  paraWs^. 
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jaws  is  shown  at  D,  while  a  C  clamp  is  outlined  at  E.  Claat 
are  very  useful  in  holding  parts  together  temporarily  that  are! 
be  fastened  by  some  permanent  means.  They  are  useful  adjnnl 
to  the  bench  vise  and  have  the  added  advantage  that  they  can^ 
moved  when  pieces  are  to  be  held  against  members  that  it 
be  difl&cult  to  hold  in  the  vise.  For  example,  in  fastening 
irons  and  braces  f o  an  automobile  frame,  the  clamps  are  in^ 
as  a  temporary  means  of  keeping  the  members  together  while 
ing  for  the  permanent  bolts  is  going  on.  Many  of  the  rep< 
operations  to  be  described  call  for  the  use  of  clamps  as  shown. . 

Assembling  Room  Furniture. — There  are  a  number  of  artiflf 
of  equipment  or  furniture  that  are  very  useful  on  the  assemUil 
floor.  That  shown  at  Fig.  12,  A,  is  a  bench  constructed  of  heij 
timbers  of  such  a  form  that  it  is  well  adapted  to  support  aul 
bile  engines  when  these  are  removed  from  the  car  frame.  A 
of  this  construction  is  also  of  value  for  supporting  the 
crank  case  components  when  work  is  being  done  on  them  tluil:^ 
quires  that  they  should  be  held  level  and  securely.  In  the  SH 
tration  a  portion  of  a  crank  case  is  shown  in  such  a  position  4 
work  may  be  done  upon  the  bearings.  The  simple  supporting  i 
ture  shown  at  B  is  exceptionally  useful  for  holding  automoV 
rear  axles.  It  is  of  approximately  T  form,  being  composed  of  t 
pieces  of  planks  and  three  uprights  well  braced  with  iron  bars  i 
mounted  on  casters  so  the  load  may  be  moved  with  but  little  eflhl 
The  form  of  bench  used  and  its  actual  construction  will,  of 
depend  upon  the  type  of  axle  that  is  to  be  supported.  The  ma 
shown  is  intended  for  torque  tube  axles. 

Another  very  useful  piece  of  furniture  is  a  trestle  or 
such  as  shown  at  C  which  forms  a  good  means  of  support  for 
of  the  parts  when  these  are  removed  from  the  car  chassis.  A 
of  these  trestles  should  be  included  in  the  garage  equipmi 
they  can  be  used  together  to  support  a  front  or  rear  axle, 
automobile  frame  and  other  bulky  objects.  The  form  outlined 
a  folding  steel  construction  which  occupies  but  little  space  wl 
knocked  down.  It  is  strong,  light,  and  fire-proof,  all  very  gi 
features  in  garage  equipment.  The  workman  engaged  in  fl 
work  28  often  handicapped  by  not  having  some  means  of  keep) 


46 


Automobile  Repairing  Made  Easy 


tools  and  small  parts  off  the  floor  when  working  away  from 
bench.    The  metal  table  shown  at  D  is  very  well  adapted  for 
individual  workman 's  use,  as  it  is  provided  with  a  drawer  in 
tools  may  be  locked  and  also  with  a  substantial  metal  top 
shelf  on  which  work  may  be  done.    The  table  is  mounted  on 
and  may  be  easily  moved,  even  when  loaded  to  capacity.    An< 
useful  adjunct  to  the  assembling  department  equipment  is 
at  E.    This  is  a  cast  iron  bench  having  a  vise  attached  and  moi 
on  a  tripod  which  offers  a  substantial  foundation.    There  is  a 
partment  immediately  below  the  bench  top  for  holding  tools 
shelf  above  the  floor  that  may  be  utilized  for  the  same  pi 
The  table  shown  at  D  when  fitted  with  a  rack  at  the  side  and 
is  also  well  adapted  for  use  in  the  forge  room,  as  it  will  hold 
of  the  blacksmith's  tools  and  cannot  be  set  afire  by  a  pieoe, 
hot  iron  as  a  wooden  bench  is.    The  addition  of  the  rack  mi 
possible  to  carry  the  assortment  of  tongs  usually  found  atl 
forge. 

Three  forms  of  wheeled  trucks  are  shown  at  F,  G  and  H, 
at  F  is  a  low  framework  that  may  be  boarded  over  and  used 
conveying  heavy  parts  from  one  end  of  the  shop  to  the  o1 
that  can  be  used  just  as  shown  for  conveying  axles,  engines 
gear  boxes  which  are  of  irregular  form  and  which  could  not  be 
veniently  carried  by  a  platform.     The  truck  shown  at  O  is 
of  pipe  fittings  and  is  used  for  supporting  automobile 
:,nen  the  springs  and  axles  have  been  removed.    As  this  is  pi 
with  wheels  it  can  be  easily  moved  with  its  burden  as  d( 
The  cast  iron  stand  at  H  was  designed  especially  for  hj 
transmission  gear  boxes  in  a  service  garage  where  one  pj 
make  of  car  was  looked  after  exclusively.    As  designed  it  was 
suitable  for  use  ydth  the  gear  box  found  in  this  car.    By 
slightly  modified  to  the  extent  of  having  adjustable  brace  mei 
joining  the  two  sides  it  could  be  used  to  advantage  for  a 
of  purposes.     The  small  wheel  truck  shown  at  I  is  known 
** creeper"  and  serv^es  to  keep  the  workmen  oflf  the  floor 
working  underneath  a  car.     This  is  provided  with  a  head 
at  one  end  and  it  may  be  easily  moved  about  without  the  worl 
using  it  getting  up  from  his  reclining  position.     These  trucks 
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provided  with  a  shelf  at  one  side  to  support  tools  and 
lat  these  will  move  whenever  the  operator  does.  The 
tes  of  furniture  outlined  will  be  susceptible  to  various^ 
t  will  adapt  them  to  the  specific  work  in  hand,  and  a. 
of  any  pretentions  will  be  able  to  use  all  of  the  f  urni- 
to  good  advantage. 

c^ion  and  Size  of  Pits. — The  back  shop  shown  at  Fig. 
vo  pits,  and  the  arrangement  of  the  work  benches  can 
t  the  end  of  the  short  bench  placed  against  the  boiler 
;  a  pipe  vise,  while  at  regular  intervals  along  the  benches 
itrong  swivel  vises.  This  bench  is  30  inches  deep,  about 
ligh,  of  rough  construction,  and  built  very  heavy  to 
.  The  pits  are  four  and  one-half  feet  deep,  three  and 
ft  wide  and  11  feet  long.  They  are  lined  with  heavy 
nd  stairs  permit  the  workmen  to  descend  and  ascend 
irt.  Along  the  side  walls  of  the  pits  and  about  two  and 
t  above  the  bottom,  two  pieces  of  two  by  four  scantling 
I,  these  to  support  a  board  that  may  be  moved  from  one 
pit  to  the  other,  as  a  seat  for  a  workman.    With  more 

of  the  motor  truck  it  will  be  well  to  install  a  larger 
rer  pit,  as  the  mechanisms  of  these  vehicles  are  carried 
I  in  the  conventional  touring  car.    Such  a  pit  should  be 

and  one-half  feet  deep,  four  feet  wide  and  14  feet  long. 
of  all  pits  should  be  sharply  defined  by  a  surrounding 
vo  by  four  scantling;  this  being  a  guard  to  prevent  tiit  ^ 
ng  into  the  pit  while  manoeuvering  a  car  about  it. 
w  at  Fig.  8  shows  the  depth  of  the  pit  with  an  operator 
pright  and  also  depicts  clearly  the  frame  work  around 
piide  the  car  wheels.  The  amount  of  space  allowed  be- 
^dge  of  the  pit  and  the  workbench  is  also  depicted.  In 
it  is  customary  to  have  a  pit  cover  made  in  sections  so 
only  one  end  of  a  car  is  to  be  worked  on  but  a  portion 
is  used,  the  remainder  being  covered  by  one  section  of 
>  prevent  the  workmen  at  the  bench  from  falling  into  the 
le  shops  the  electric  wiring  is  run  to  the  pit  interior  and 
ling  socket  so  that  a  drop  light  or  extension  cord  may 
d  without  the  necessity  of  having  a  long  length  of  wir^ 
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trailing  over  tbe  floor  as  is  necessary  when  the  connection  is  m 
to  one  of  the  lamp  sockets  over  the  bench. 

Tnni  Tables,  Lifting  and  Moving  Appliances. — In  many  rq 
shops  -where  the  floor  area  is  limited  or  where  the  floor  spaa 
broken  up  by  a  number  of  posts  it  is  often  diflicult  to  move  { 
about  even  under  their  own  power  and  it  takes  considerable  i 
nceuvering  to  head  the  car  around  in  the  other  direction.  The  it 
solution  of  tliis  problem  is  the  turntable  in  its  various  forms.  ! 
amplest  and  cheapest  is  in  the  form  of  a  small  wheel  truck  as  slu 
,at  Fig.  13,  having  the  wheels  mounted  on  a  swivel  carriage  so  t 
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can  run  in  any  direction.  To  use  this  useful  accessory  the  J 
step  is  to  jafk  up  the  car  as  shown  at  A,  and  then  run  the  tr 
under  the  wheels  letting  the  wheels  down  when  the  truck  is  in  pi 
The  ear  may  be  run  onto  the  trucks  under  its  own  power  at  one  • 
while  it  is  necessary  to  raise  the  other  two  wlieels  in  order  to 
the  small  truck.  When  four  of  these  are  used,  one  under  e 
wheel,  it  will  be  pos.sibIe  to  swing  the  heaviest  car  around  with 
much  exertion. 

An  objection  offered  to  the  large  turntable  is  that  a  pit  is  ne 
sary  in  order  to  have  tliese  flush  with  tlie  floor  level,  and  moel 
the  structures  offered  are  costly.  A  very  simple  arrangement  i 
will  work  very  well  without  requiring  alterations  to  the  flo<» 
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1  at  Fig.  14.  This  rests  directly  on  the  floor  and  consists  of  a 
U"  iroD  track  having  a  number  of  ribs  or  spokes  radiating  to  a 
U  hub  which  serves  as  a  pivotal  point  for  the  load  carrying 
ige.  The  carriage  is  made  up  of  two  channel  iron  beams  fas- 
together  by  a  spacer  casting,  having  at  its  center  a  suitable 
ig  to  engage  the  pivot  pin.  This  serves  merely  to  locate  the 
nrriage  and  is  not  called  upon  to  support  any  of  the  weight, 
I  is  carried  by  a  series  of  wheels  resting  on  the  track  and 
>ly  attached  to  the  side  Sanges  of  the  channel  section  beams, 
e  height  of  the  beams  from  the  floor  is  but  two  inches,  it  is 
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ibie  to  use  a  pair  of  wedge  shape  planks  as  an  approach  to  the 
table.  The  side  of  the  cbanael  irons  also  serves  a  useful  purpose 
les  offering  a  means  of  securing  the  supporting  wheels  and 
er  frame,  inasmuch  as  they  offer  a  guide  so  the  wheels  of  the 
■uinot  run  out  of  their  correct  path.  These  turntables  may  be 
red  in  sizes,  capable  of  handling  any  weight  of  car  and  will 
bond  an  effective  substitute  for  the  more  expensive  built-in 
table. 

Fwo  forms  of  built-in  turntable  are  shown  at  Fig.  15.  It  will 
bserved  that  with  these  it  is  necessary  to  make  a  pit  in  which  a 
ion  of  the  mechanism  is  concealed.  The  form  shown  at  A  is 
\  Qp  of  angle  irons  and  steel  plates  and  the  load  is  carried  a,t 
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he  centre  by  a  pivot  or  step  journal  mounted  on  a  substantial 
■Derete  base  and  at  the  outer  periphery  by  a  series  of  rollers 
Kmed  in  supporting  castings  securely  anchored  to  the  concrete 
■nidation.  The  form  shown  at  B,  carries  the  weight  on  a  large 
Id  bearing  and  has  an  added  feature  of  having  a  catch  basin  for 
■iter  and  other  drippings  from  the  car  at  its  centre,  so  this  material 
Irill  be  conducted  to  a  drain  instead  of  filling  the  pit  as  is  the 
kdt  when  no  precautions  are  taken  for  drawing  the  liquid  off. 
Be  design  shown  in  section  at  C,  is  a  modification  of  the  type 

I  One  of  the  most  useful  of  the  accessories  comprising  the  as* 
BiiWiiH;  fioor  equipment  is  the  load-raising  and  supporting  jack, 
■Dkras  forms  of  which  are  shown  at  Fig.  16.  The  type  at  A,  is 
■ntiefaet  form  having  a  single  trip  lever  which  can  be  set  so  that 
Benme  movement  of  the  actuating  bar  will  either  raise  or  lower 
■e  lifting  ram  as  desired.  The  jack  at  B,  is  similar  to  that  at  A, 
b^t  that  the  lifting  ram  is  provided  with  a  double  head,  making 
Vponble  to  use  the  jack  on  those  low  axles  where  it  is  difiicult  to 
S  the  jack  directly  under  the  member  to  be  raised.  The  jack  at 
Kii  a  double  geared  arrangement  in  which  the  nut  serving  to  raise 
■b  lifting  screw  is  turned  by  bevel  gears  worked  by  the  customary 
Pbt.  The  tire  saving  jack  which  is  shown  at  D,  is  used  for  keep- 
k  the  wheels  of  cars  that  are  to  be  stored  for  some  time  off  the 
nrand  thus  relieve  the  tires  of  the  car  weight.  These  jacks  have 
b  advantage  of  being  very  quickly  handled  and  are  used  one  under 
m  hub  cap  of  the  car  to  be  raised.  The  lifting  ram  may  be  ad- 
Med  to  suit  different  wheel  heights  by  means  of  a  series  of  ratchet 
Cth  which  enable  the  lifting  link  to  secure  either  a  long  or  a  short 
id  (m  the  ram  member.  In  addition  to  the  types  of  jacks  shown, 
nunber  of  other  forms  have  been  marketed  which  do  not  give 
i  quick  lifting  necessary  for  use  in  making  repairs,  but  which 
tmuch  stronger  and  better  adapted  for  weight  carrying  purposes 
hen  the  car  is  to  be  supported  for  any  length  of  time.  The  form 
ivn  at  E,  is  composed  of  three  substantial  wooden  legs,  forming 
jjripod  and  jointed  together  at  their  apex  by  angle  pieces  of  steel, 
ke  lifting  ram  or  screw  may  be  raised  or  lowered  by  imparting  mo- 
ll to  the  nut  resting  on  top  of  the  wooden  tripod.    The  form  at  F, 
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?d  of  three  castings,  the  centre  one  being  placed  under 
le,  while  the  two  outside  ones  form  the  base  of  the  device. 
it  of  the  load-carrying  member  can  be  adjusted  to  a  de- 
acing  the  clamping  bolt  which  holds  the  assembly  together 
:he  desired  hole  in  the  lifting  ram.     The  form  at  G,  is 

action  to  that  at  E,  except  that  the  tripod  is  a  substantial 
made  by  slotting  a  steel  tube  at  three  points  and  then 
I  the  legs  apart  and  joining  them  by  the  brace  pieces  near 

The  jack  or  support  at  H,  may  be  constructed  by  any  re- 
and  is  made  of  substantial  timbers.  The  construction  is  so 
iown  that  further  description  should  be  unnecessary. 
r  repairman  has  occasions  when  it  is  necessary  to  take  care 
which  has  met  with  some  accident  to  the  wheels,  axles  or 
knuckles,  so  tliat  it  is  impossible  for  the  car  to  proceed 
m  wheels.  Towing  such  a  car  back  to  the  garage  is  a 
ob  if  proper  provisions  are  not  made  for  supporting  the 
fnd  of  the  car  in  a  secure  manner  and  yet  one  that  will 
any  appreciable  friction.  The  common  method  of  proce- 
1  a  broken  axle  or  w^heel  on  a  horse-drawn  vehicle  is  to  use 
}eam  as  a  support  for  the  injured  member,  one  end  being 
o  the  good  axle,  while  the  other  is  allowed  to  trail  on  the 

This  is  not  a  good  system  to  use  with  a  heavy  automobile, 
he  friction  between  the  end  of  the  beam  and  the  ground 
at  that  it  will  be  a  great  strain  on  the  towing  car  if  the 
>  be  moved  for  any  distance.    A  simple  emergency  truck 

known  as  the  Weaver  Ambulance,  and  with  which  the 
laim  one  driver  is  capable  of  towing  in  a  disabled  car,  is 
1;  Pig.  17,  A.  The  truck  and  one  method  of  using  it  is 
d,  and  the  marked  feature  is  the  ease  with  which  it  may 
led  and  removed.  Besides  being  used  to  support  the  front 
he  car,  as  in  the  illustration,  the  truck  may  be  employed 
stitute  for  any  one  of  the  wiieeLs.  The  tongue  portion  is 
le  to  suit  requirements  of  the  work  to  which  the  device 
d. 
ion  has  been  previously  made  of  the  utility  of  a  portable 

the  repair  shop.    These  are  capable  of  handVmg  a  \s*\Sl^ 

of  work  and  It  is  a  practical  and  not  expeus\\e  «»\ife- 


Automobile  Repairing  Made  Easy 


Tig.  17.— Walght  Cuiyliig  ud  lAlting  AppUuicu  for  tha  R«pal 


etitute  for  an  overhead  rail  system.  In  the  repair  shop, 
stance,  it  has  the  special  advantage  of  being  able  to  get  int 
that  the  overhead  crane  cannot  reach.     This  form  may  b 
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m  work,  whereas  the  work  has  to  be  taken  to  the  usual  over- 
trolley.     It  is  of  strong  construction,  and  one  man  can  handle 

thousand  pounds  by  its  aid,  picking  the  same  up  with  ease, 
^rting  same,  and  placing  it  in  any  desired  position.  These 
es  are  made  in  various  styles,  the  ordinary  range  of  sizes 
>ted  for  repair  shop  work  varying  from  one  to  three  tons' 
icity.  The  crane  shown  at  D  is  a  very  substantial  and  strong 
1,  and  is  shown  in  use  lifting  an  engine  out  of  a  frame  at  B. 
ther  form  of  portable  hoist  is  shoiivn  at  C.  This  is  virtually 
1^  trestle  mounted  on  wheels  and  well  braced.  Two  winding 
■S  are  used,  each  serving  one  lifting  rope.  Owing  to  the  drum 
Bition  by  small  pinions  and  long  hand  cranks,  the  leverage  is 
r  great)  and  one  man  may  raise  any  load  within  the  capacity 
ha  erane. 

the  need  of  some  form  of  chain  hoist  in  garages  where  the  port- 
i  erase  is  not  used  is  more  marked  at  the  present  time  than 

formerly  the  case  when  automobiles  and  their  components 
e  lighter  than  they  are  to-day.  The  rapid  growth  of  the  mo- 
tmek  industry  also  means  that  heavy  pieces  must  be  handled. 
ere  it  was  formerly  common  practice  to  cast  motor  cylinders 
ifidually  and  in  pairs,  it  is  now  general  practice  to  use  4  and 
lllinder  block  castings  which  are  difficult  to  handle,  especially 
iie  larger  sizes. 

The  chain  hoist  also  forms  an  important  unit  of  all  overhead 
ley  systems,  as  a  very  effective  travelling  crane  may  be  con- 
ped  by  using  a  simple  wheeled  trolley,  running  on  a  commercial 
JBetion  beam  and  having  a  hook  to  which  the  chain  falls  may  be 
Idbed.  The  Simplex  chain  hoist  shown  at  Fig.  17,  E,  is  a  two- 
ed  device  permitting  great  leverage  and  slow  speed  for  heavy 
is,  and  greater  speed,  though  lessened  leverage,  for  lighter 
i^t.  As  will  be  noticed  in  the  accompanying  illustration,  an 
less  chain  runs  over  a  chain  wheel,  which  in  connection  with 
pfadon  and  brake  wheel  with  ratchet  teeth  in  its  outer  rim 
tai  an  automatic  brake  to  prevent  the  load  from  descending. 
Ihe  pinion  attached  to  the  hand  chain  wheel  drives  a  spur  gear, 

^is  keyed  to  a  second  shaft,  at  the  end  of  which  is  another 
.    The  last  named  member  engages  with  an  internal  spur 
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gear,  which  is  keyed  to  the  opjiosite  end  of  the  main  shaft, 
wliich  is  attached  the  lift  chain  wheel.  Motion  is  transmitt 
from  the  hand  chain  to  the  lift  chain,  and  by  pulling  on  I 
hand  chain,  in  either  direction,  the  load  is  lifted  or  lowered.  Wl) 
hpifitinp   a    load    the   brake    whet-l.    with    its    ratchet   teeth    nn  i 


Tig.  18. — Showing  P: 
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outer  rim,  rotates  freely  with  the  hand  chain  wheel  and  piid 
and  without  resistance,  as  the  ratchet  pawl  runs  freely  over 
teeth,  AATien  the  pull  on  the  chain  wheel  ceases,  the  pawl  en^p 
with  the  teetli  of  the  ratchet  on  the  brake  wheel,  preventiBj 
from  running  backward,  and  so  keeping  the  load  suspended. 
In  lowering  the  load  tlie  hand  chain  is  pulled  in  an  oppt 
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ion.  and  but  little  effort  is  required  to  overcome  the  frietiou 

i  automatic  brake,  thus  permitting  the  load  to  descend  and 

ag  ihe  same  suspended  again,  as  soon  as  the  workman  stops 

ag  OQ  the  hand  chain.     The  load  can  be  lowered  at  a  good 

of  speed  by  a  continuous  pull  upon  the  hand  chain.     By 

I  ol  an  iii^nkios  arrangement  of  the  lower  block,  the  lift 

I  iMk^il  to  tiie  chain  wheel  of  the  lower  block,  providing 

^speeds  referrdd  to,  making  for  economy  of  time  in  handling 

Closed  rings  attached  to  a  swinging  frame  provide 

I  for  tie  hand  chain,  enabling  the  operator  to  stand  away 

a  load,  pulling  the  chain  at  an  angle,  without  pro- 

I  any  appreciable  amount  of  friction  or  wear  on  the  chain 

The  construction  eliminates  the  possibility  of  the  chain 

t  between  the  wheels  and  guides. 

y  shops  it  ia  inconvenient  to  provide  pits  by  which  the 

%  ma.v  gain  access  to  the  under  portions  of  an  automobile. 

ietical  elevating  device  which  provides  plenty  of  space 

E  under  a  car  is  shown  at  Fig.  17,  P  and  Q.     In  the 

ration  the  front  end  is  shown  raised,  while  at  Q  the 

I  b  elevated.     This  consists  of  a  light,  inclined  runway 

Iplaaking  and  timbers  upon  which  the  car  may  be  run. 

If  bollnwed  blocks  at  the  upper  portion  in  which  the  wheel 

'provides  a  poaitive  stop  to  prevent  the  car  from  rolling 

pher  useful  device  for  use  on  the  assembling  floor  that 
lerable  time  when  an  entire  end  of  a  car  is  to  be 
I  as  is  Deee&sary  for  inspecting  parts  of  the  steering  system 
■r  axle  faults,  is  shown  at  H.  This  is  known  as  the  Weaver 
jack,  and  consists  of  a  triangular  framework  mounted  on 
s  and  carrying  two  lifting  screws  actuated  by  bevel  gears 
the  base  of  the  triangular  frame.  A  cross  shaft  carrying 
r  sized  bevel  gears  actuates  the  lifting  nuts  on  the  vertical 
,  and  is  in  turn  operated  by  a  bevel  gear  turned  by  a 
.  to  which  motion  is  imparted  by  a  hand  crank.  The  gear- 
so  arranged  that  a  large  amount  of  leverage  is  provided 
e  hea\nest  car  may  be  raised  without  any  exertinn.  The 
Tank  is  mounted  in  a  awivelling  bracket,   which  makes  i*- 
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possible  to  operate  the  jack  without  stooping  or  to  fold  the  haiidl 
over  entirely  out  of  the  way.  As  the  jack  is  carried  on  a  wheeled 
frame,  the  car  may  be  moved  around  even  if  the  two  wheels  0^ 
the  axle  supported  by  the  jack  are  removed.  \ 

A  reader  of  ** Motor  Life"  sends  a  description  of  a  quick  actioij 
lifting  jack  that  is  very  well  adapted  for  garage  use,  thougl 
too  bulky  to  be  included  as  part  of  an  automobile  equipment 
This  form  has  been  widely  used  in  connection  with  racing,  as  a| 
entire  front  end  of  a  car  may  be  easily  raised  and  held  by  the 
force  exerted  by  one  man  at  the  end  of  the  long  lever  when  a 
quick  tire  change  is  necessary  and  where  every  second  counU 
The  usual  form  of  lifting  jack  operating  on  either  the  ratchd 
or  lifting  screw  principle  would  require  considerable  time  to  rai« 
the  wheels  clear  off  the  ground,  w^hereas  the  form  depicted  at  Pig 
19,  A,  will  do  the  work  in  15  seconds. 

This  consists  of  a  handle  or  lever,  8  or  10  feet  long,  supported 
and  pivoted  between  two  uprights  attached  to  the  base.  Under 
neath  the  front  end  of  the  lever  is  a  swinging  post  which  support 
the  weight  of  the  car  when  in  a  vertical  position.  The  size  of  th 
parts  and  strength  of  the  lever  will  vary  with  the  weight  of  thi 
car.  The  base,  uprights  and  handle  may  be  of  wood.  The  baa 
should  be  about  20  inches  long  and  6  or  8  inches  wide,  havini 
the  uprights  mortised  into  the  sides  and  braced  with  blocks  on  th< 
inside  comers.  The  uprights  may  be  about  4  inches  wude,  botl 
these  and  the  base  being  of  1-inch  material.  The  height  of  thes 
uprights  and  length  of  the  post  will  depend  upon  the  diamete 
of  the  wheel  and  the  amount  it  is  to  be  raised.  Supposing  tha 
the  distance  from  the  ground  to  the  underside  of  the  hub  or  azl 
is  151/^  inches  and  that  the  wheel  is  to  be  raised  3  inches,  thee 
allowing  I14  inches  for  the  thickness  of  the  base,  the  length  0 
the  post  will  be  I714  inches  minus  the  thickness  of  the  lever  unde 
the  wheel. 

This  post  or  support  may  be  made  either  of  wood  or  iron 
and  pivoted  underneath  the  lever  in  any  convenient  manner  a 
that  it  will  swing  freely.  An  iron  rod  with  one  end  bent  to  fori 
an  eye  may  be  obtained  from  any  blacksmith  shop  for  a  fei 
cents.     A  bearing  may  be  formed  for  this  rod  either  from  woo 
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r  heavy  sheet  metal  attached  to  the  sides  o£  the  lever 
n.  The  holes  in  these  blocks  as  well  as  the  eye  in  the 
ad  of  the  post  should  be  large  enough  to  take  a  three- 
inch  bolt.  Another  three-quarter  inch  bolt  may  be  used 
>rt  the  lever  in  the  uprights.  There  will  be  considerable 
^tweea  the  sides  of  the  post  and  the  blocks,  and  this  may 
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be  filled  by  usdng  a  number  of  three-H|uarter  inch  washers  <m 
b<dt.  The  same  method  may  be  used  to  fill  the  space  between 
lever  and  the  two  upright  pieces. 

On  the  top  of  the  lever,  directly  above  the  support  when 
hub  or  axle  rests,  a  shallow  Y-shaped  groove  should  be 
that  the  axle  cannot  slip  off  the  jack  when  raised.    The  und< 
of  each  end  of  the  base  should  be  rounded  off  so  that  the 
can  be  slid  over  the  floor  of  the  garage  without  the  corners 
ing  'on  projections.     The  operation  of  raising  the  wheel  is 
simple,  since  all  that  is  necessary  is  to  slip  the  jack  under  tbfi 
or  axle  so  that  the  weight  will  come  directly  in  the  groove 
the  support,  when  the  car  is  raised  by  pressing  down  on 
outer  end  of  the  lever.    Since  the  supporting  post  swings 
it  will  assume  a  vertical  position  when  the  car  is  raised,  so 
when  the  weight  is  taken  off  the  outer  end  of  the  lever  the 
takes  the  entire  strain  of  the  load.    In  order  to  facilitate 
ing  the  jack  from  the  car,  a  small  wire  rope  should  be  a1 
near  the  lower  end  of  the  post  and  run  through  a  ring  in^ 
outer  end  of  the  lever.    Thus  when  the  lever  is  pressed  down^ 
post  swings  free  and  may  be  pulled  back  from  under  the 

The  jack  is  shown  from  two  different  viewpoints  in  illi 
but  it  seems  that  the  builder  of  this  has  not  taken  the  fulleit 
sible  advantage  of  his  opportunities.     If,  as  he  says,  jad 
is  slow  and  tedious  work,  the  de\ice  as  shown  only  eliminat 
work  of  raising  the  car  by  means  of  the  jack,  and  substitui 
it  the  task  of  prying  up  one  wheel  at  a  time,  then  putting 
or  some  firm  and  stable  object  of  the  right  height  under  the 
next  letting  the  jack  down  and  moving  to  another  wheel, 
the  device  as  constructed,  it  would  take  four  different  a] 
tions  to  lift  a  car  entirely  clear  off  the  floor,  two  at  the 
close  to  each  wheel,  and  two  at  the  front  axle,  near  each  wl 

It  is  possible  to  reconstruct  the  jack  as  outlined  so  this 
may  be  reduced  to  two  applications,  one  for  the  rear  axle 
one  for  the  front.     This  is  done  by  constructing  the  jack 
as  outlined,  but  in  duplicate,  fastening  the  two  together 
front  end  and  also  at  the  rear.    In  addition,  it  will  be  m 
to  make  the  handle  much  longer  and  stouter,  for  whereas  the 
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lifted  but  700  to  1,100  pounds  or  higher,  according  to  the  size 
ftbe  car,  this  one  will  be  required  to  lift  just  twice  as  much  every 
b,  namely  1,400  to  2,200  pounds,  according  to  the  size  and  weight 
[(he  ear. 

^-For  this  reason,  also,  it  would  be  well  to  increase  the  propor- 
^  all  over.  Devices  of  this  sort  have  been  built  and  used 
fBany  racing  contests,  in  which  the  smallest  fraction  of  a 
jpnd  was  valuable.  The  device  in  those  cases  was  built  of 
jbl  throughout,  light  weight  being  of  no  object.  When  the 
pti  came  for  a  tire  stop  on  the  next  round,  this  was  wheeled 
(into  a  convenient  position,  and  when  the  car  stopped  it  was  slid 
|ier  the  axle,  a  couple  of  men  jerked  it  down,  raising  the  entire 
|e  so  wheels  stood  clear  off  the  ground,  and  in  less  time  than 
likes  to  tell  it,  another  pair  of  men  were  replacing  the  wheels 
i  tires,  or  tires  alone,  as  the  case  might  be.  These  were  so  made 
|h  definite  proportions  that  when  fully  pressed  down  the  jack 
tald  stay  down  of  itself  and  did  not  require  a  man  to  stand  and 
11  it 

rA  home-made  cradle  for  bringing  in  cars  having  an  injured 
k  or  wheel  is  outlined  at  Fig.  19,  C.  It  can  be  constructed 
tany  mechanic  of  average  ability  from  odds  and  ends,  and  as 
fees  not  take  up  much  room  it  can  be  stored  conveniently  when 
iia  use,  though  many  uses  will  be  found  for  it  in  the  garage, 
il  when  not  employed  for  the  purpose  for  which  it  was  pri- 

ly  intended.    This  consists  mostly  of  a  built-up  pair  of  beams 
g  the  two  long  sides  of  a  very  acute  triangle,  the  third 

of  which  is  formed  by  a  pair  of  small  metal  wheels  and  an 

such  as  might  be  found  on  any  old  farm  wagon  or  other  heavy 
The  axle  is  securely  attached  above  the  side  beams,  which 

bstened  together  at  the  front.  About  18  inches  to  2  feet 
of  this  axle  a  pair  of  vertical  supports  are  formed  with 
in  the  upper  surface  large  enough  to  take  an  ordinary 

ixle.     In  the  sketch,  the  side  bars  are  marked  B,  B,  the  up- 
for  the  car  axle  U,  the  wheels,  W,  W,  the  clips  holding  tlie 

to  the  sidebars  C,  the  forward  ends  E,  and  the  tie  bolt  holding 

together  and  making  a  point  of  attachment  TB.    The  second 
shows  the  method  of  use;  the  cradle  is  pushed  under  tW 
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chassis,  so  that  the  uprights  catch  the  rear  axle  BA,  then  the  tti 
end  E  and  the  through  bolt  TB  are  fastened  to  the  front 
FA  by  means  of  the  chain  C.  This  being  the  case,  the  rear 
of  the  car  do  not  rest  on  the  ground,  but  the  small  iron  wheeb^i 
of  the  cradle  do,  and  the  car  is  pulled  home  on  these  and 
regular  front  wheels. 

The  same  outfit  can  be  used  for  an  underslung  frame  by 
a  boara  across  in  place  of  the  uprights,  and  resting  the 
axle  of  the  car  on  this.     In  doing  this,  the  uprights  mnit^ 
removed,  so  the  board  should  be  made  with  a  pair  of  extei 
and  this  bolted  in  place,  using  the  same  bolts  as  with  the  upri( 
A  device  of  this  kind  has  recently  been  placed  upon  the 
by  a  western  firm,  this  being  finished  up  very  neatly  all 
while  the  sketch  simply  gives  the  idea  for  a  more  or  less 
home-made  cradle. 

Hachiiiery  Equipment  for  Small  Shops. — The  amount  of 
chinery  used  in  repair  shop  equipment  will  depend  entirely 
the  size  of  the  shop  and  the  character  of  the  work  it  catesn.] 
The  requirements  of  the  average  small  shop  will  be  met  very 
by  the  use  of  a  16-inch  screw-cutting  lathe,  a  sensitive  drill 
an  emery  grinder  or  twin  wheel  stand,  and  a  forge  outfit, 
classes  of  work  are  to  be  attempted,  a  small  shaper  will  be 
very  useful,  as  much  of  the  work  that  can  be  done  on  a 
machine  can  also  be  accomplished  on  the  shaper,  which  is  a. J 
costly  machine  tool.     In  all  repair  shops,  irrespective  of  ^s^i 
lathe  is  really  the  most  important  tool,  and  one  good  sized 
of  this  kind  should  be  included  in  the  equipment  of  any 
shop  worthy  of  the  name,  no  matter  how  small.     PracticaUyj^ 
classes  of  machine  work  may  be  done  on  a  lathe,  as  very 
attachments  may  be  obtained  on  the  open  market  that  will 
a  machinist  to  do  milling,  gear  cutting,  and  grinding  on  this 
versal  machine  tool.    Drilling  may  be  done  without  changing; 
lathe  in  any  way.    About  the  largest  part  to  be  handled  in.; 
repair  shop  would  be  an  engine  flywheel,  as  far  as  diameter  is 
cemed,  and  the  longest  piece  would  probably  be  a  six^grlfl 
crankshaft  or  live  axle.     It  is  not  necessary  to  install  a 
capable  oi  swinging  24  inches  in  order  to  have  a  tool  avi 
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>rk  that  would  be  unusual,  as  very  effective  results  may 
ained  by  using  a  gap  bed  lathe  which  can  be  purchased  at 
ight  extra  cost  over  that  of  the  regular  tools.  The  ad- 
pes  of  this  type  of  lathe  will  be  considered  in  proper  se- 
^  A  lathe  that  will  swing  16  or  18  inches  will  be  sufiS- 
'  large  for  most  shops,  though  it  can  be  supplemented  by 
Her  size  adapted  for  lighter  work  if  the  funds  permit.  In 
^  lathes,  especially  for  a  small  shop  where  the  machine  tool 
aent  is  necessarily  limited,  it  is  well  to  remember  that  small 
san  be  handled  in  a  large  lathe  much  easier  than  large  work 
I  turned  in  a  smaller  one,  and  where  it  is  imperative  that 
le  tool  be  purchased,  it  will  be  the  best  economy  to  install 
tantial  machine.  If  a  drill  press  is  included,  one  that  will 
24  inches  has  been  found  large  enough  to  handle  nearly  all 
of  automobiles.  The  sensitive  drill  press  is  used  for  driU- 
oaU  holes,  and  should  have  a  capacity  so  that  it  will  handle 
up  to  a  half  inch  diameter,  at  least. 

ichine  Tool  Equipment  for  Complete  Repair  Shop. — ^An  un- 
j  complete  machine  tool  outfit  is  shown  in  the  shop  plans  at 
5  and  6.    With  an  equipment  of  this  nature  all  kinds  of 
*  work  may  be  accomplished  economically  and,  in  fact,  the 
;  shown  are  suflSciently  complete  so  competent  mechanics  will 
ie  to  build  an  automobile  without  outside  assistance.    As  the 
is  the  king  of  machine  tools,  the  major  portion  of  the  equip- 
consists  of  these  useful  machines.     Seven  lathes  are  pro- 
two  being  ten  mch  swing,  three  fourteen  inch  swing,  one 
en  inch  swing  and  one  capable  of  handling  work  up  to 
jr-four  inches  in  diameter.    A  universal  milling  machine  upon 
a  wide  variety  of  work  may  be  done  is  a  useful  adjunct  to 
the.    A  miUing  machine  can  finish  flat  or  irregular  surfaces 
a  lathe  cannot  do  unless  fitted  with  a  milling  attachment. 
[1  make  Woodruff  keyways  or  straight  splines,  it  can  cut 
cams  and  do  a  variety  of  other  work  that  cannot  be  done 
t  simple  lathe. 

small  shaper  having  about  sixteen  inches  stroke  is  also 
I,  because  it  will  do  much  of  the  work  done  on  a  milling 
iae  and  require  simpler  tools.    While  a  milling  machine  has 
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a  greater  range  of  work  and  will  do  it  more  economicallj 
the  shaper,  the  latter  can  be  used  to  advantage  in  many 
where  the  cost  of  milling  cutters  would  be  much  more  than 
of  making  the  shaper  tool  and  doing  the  work  besides, 
milling  machine  and  shaper  should  be  provided,  if  possible, 
drilling  machines  are  provided,  one  a  sensitive  drill  for  light 
the  intermediate  size,  a  back-geared  drill  press,  and  for  exi 
large  work,  such  as  drilling  frames,  boring  cylinders,  axle 
ings,  etc.,  a  radial  drill  is  very  useful,  as  it  will  handle  any^ 
of  a  motor  car  irrespective  of  size.    A  power  hack  saw,  two 
grinders,  one  used  for  roughing  purposes  and  the  other  fbrj 
grinding,  and  an   arbor  press,   complete   the  equipment 
machine  shop. 

Power  for  the  Shop. — Just  as  electric  current  is  su] 
lighting,  it  also  has  many  advantages  as  a  source  of  power, 
electric  motor  is  an  ideal  power  generator,  because  it  is 
efficient,  economical,  easily  started  and  stopped,  compact  and 
ble  of  standing  considerable  overload.    It  makes  possible  indil 
motor  equipment  of  machine  tools  in  large  shops  and  can  be 
very  effectively  for  driving  the  line  shafting  of  the  smallest 
lishment,  because  it  can  be  suspended  out  of  the  way  on  a  p] 
hung  from  the  ceiling  or  in  the  smaller  sizes  placed  on 
attached  to  the  wall  or  some  convenient  post.     Where 
current  is  not  available  and  where  it  is  not  profitable  to 
a  generating  plant,  the  gasoline  engine  is  an  economical 
supplying  power.     The  marked  advantage  of  electric  ci 
that  it  may  be  employed  not  only  for  lighting,  but  for  o] 
various  portable  drills,  polishing  machinery,  air  compressors^  i 
and  it  also  has  a  great  advantage  of  generating  current  that 
be  used  for  charging  storage  batteries,  which  are  now  include 
the  (equipment  of  all  up-to-date  automobiles,  as  a  source  of 
for  the  electric  self-starter  and  lighting  system.     Where 
current  is  not  available  from  a  municipal  central  station,  a 
or  repair  shop  of  any  size  will  find  it  more  economical  to  ii 
generating  plant  and  make  its  own  electricity  for  lighting 
power  than  to  use  a  steam  or  gasoline  engine  which  can  only 
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power  and  then  depend  upou  kerosene  aiiti  acetylene  lumps 
£gfatiiig.  which  naturally  increase  the  fire  risk. 
knall  Generating  Seta. — A  typical  generating  set  consisting 
four  cylinder  gasoline  engine  driving  a  direct  current  d>TiaRio 
kown  at  Fig,  20.  The  equipment  is  furnished  in  various  sizes, 
pi  an  outfit   can  be  purchased  that  will  furnish  current  eeon- 


Fig.  20. — Isolated  Power  Plant  for  QeaeiaUug  Electric  Curreut. 


mically  for  even  the  smallest  shop.  The  outfits  include  switch- 
WTiJs  and  all  necessary  governing  and  control  appliances,  and  once 
^  'iiciue  is  started  it  requires  no  further  attention,  as  it  will 
Hrfynn  the  various  functions  incidental  to  controlling  its  speed 
(Bil  power  automatically.  Instead  of  using  the  line  shaft,  as  would 
■  oecrssary  with  a  gas  engine  belted  direct,  it  is  possible  to  in- 
|lli  individual  motor  drive  on  the  various  machine  tools,  Jin 
^ijile  of  which  la  shown  at  Fi^.  21.     When  one  considers  Hia\, 
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the  average  line  shaft  consumes  from  20  to  30  per  cent, 
power  delivered  to  it  in  journal  friction,  if  any  number  of  1 
are  used,  or  if  the  shaft  is  not  absolutely  aligned,  it  will  be 
ent  that  the  use  of  individual  motor  drive  will  reduce  this 
loss  appreciably.  When  only  two  or  three  machines  an 
driven,  it  is,  of  course,  more  profitable  to  drive  these  from 
length  of  shafting  than  it  would  be  to  provide  a  separate 
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Fig.  21. — ^Foim  of  Iditli«  Adapted  for  Direct  Drive  from  Electric 


for  each  machine  tool,  as  one  motor  may  be  made  to  serv 
all  where  the  power  requirements  are  not  great. 

The  writer  does  not  mean  to  imply  that  tlie  interna 
bustion  motor  in  its  various  stationary  forms  is  not  adap 
power  delivery  in  small  units,  because  many  repair  shop; 
having  a  very  complete  equipment,  obtain  their  power  ( 
from  an  oil  engine  which  is  the  most  economical  of  the 
power-generating  units.  When  a  generating  set  is  uset 
necessary  to  use  an  engine  of  greater  power  than  would  be 
if  belted  directly  to  the  shaft  line,  but  as  in  most  insta 
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It    SectUWMJ   View   of  Ona   OjrUnder   Vertical   Oka   or   Guollue 
i&igbie  SnlteUe  for  Automobile  Repair  Shop  Power  Plant. 
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the  electrical  current  is  to  be  used  for  lighting  as  well  as 
it  is,  of  course,  necessary  to  provide  an  actual  surplus  ov 
power  needed  to  run  the  shop  in  order  to  furnish  the  curre 
illumination. 

As  practically  all  automobile  mechanics  are  familiar  wi 
explosive  motor,  owing  to  Its  almost  universal  use  as  a 


Fis.  23. — Outlining  UfltHod  of  luBtallaUon  of  Statlonarr  Ou  o 
Engine  for  Sbop  Power, 


mover  in  automobiles,  it  is  reasonable  to  expect  that  many  i» 
repair  shop  owners  will  avail  themselves  of  the  opportuni 
use  a  source  of  power  with  which  their  workmen  are  tboro 
familiar.  A  one-eylinder  vertical  engine  adapted  for  gtati 
power  is  shown  in  section  at  Fig.  22.  Two  large  flywheel 
used  to  insure  steady  running,  and  the  power  generated  m 
delivered  to  the  shop  line  shaft  by  direct  belt  connection  be 
the  engine  pulley  and  a  corresponding  member  on  the  shaft. 
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of  installing  a  horizontal  engine  adapted  for  stationary 
nd  the  provisions  made  for  cooling  the  cylinder  and  dis- 

tbe  exhaust  gases  are  so  clearly  shown  in  Fig.  23  that  it 
:ei£ary  to  descrihe  the  installation  further.  For  the  very 
op  nsing  hut  few  machine  tools,  it  is  not  necessary  to  use 
i  of  cooling  system  required  by  the  lai^r  powered  en- 
s  the  two  or  three  horse-power  necessary  to  operate  a 
the.  drill  press  and  emery  grinder  can  he  delivered  eco- 
ly  from  the 
hopper  cooled 
such  as  shown 
24. 

re  a  gas  or  gas- 
jine  is  used  for 
it  is  necessary 
ide  a  substan- 
indation  com- 
f  masonry  and 
as  shown  at 
,  or   of   heavy 

as    shown    at 

in  order  to  prevent  excessive  vibration  of  the  floor.  If  pos- 
!  engine  bed  should  not  rest  on  the  floor,  but  the  foundation 
le  carried  down  to  solid  earth.  The  smaller  hopper  cooled 
if  two  or  three  horse-power  may  be  bolted  directly  to  the 
)r,  as  these  will  not  vibrate  enough  to  be  objectionable.    A 

advantage  of  an  isolated  generating  set  such  as  shown 
20  is  that  it  may  he  housed  in  a  structure  separate  from 
ir  shop  proper,  reducing  the  first  risk,  whereas,  where  an 
is  belted  directly  to  the  line  shaft,  it  is  usually  in  the 
ilding  as  the  machinery  it  drives. 

of  the  important  advantages  accruing  through  the  use  of 
■  gasoline  engine  is  in  the  economy  of  this  form  of  power. 
Dgine  is  used  capable  of  running  on  fuel  oil  instead  of 
,  there  will  be  a  marked  saving,  and  the  absolute  limit  in 

cost  of  power  production  will  have  been  reached,  the 
ms  of  power  ehowing-  to  better  advantage  being  those  de- 
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rived  from  natural  sources,  such  as  wind  and  water,  neitb 
which  can  be  applied  universally.  The  table  of  power  cost 
seated  herewith  shows  the  relative  expense  of  various  fom 
power  among  which  are  included  three  forms  of  steam  engina 
gas  engine  using  manufactured  or  natural  gas,  the  internal 
bustion  motor  using  gasoline,  the  electric  motor  and  the  oi 
gine.  Where  the  power  requirements  are  not  severe,  the  gt 
gasoline  engine  in  the  smaller  sizes  will  not  prove  so  expel 
to  operate  as  to  call  for  the  use  of  an  oil  engine  which  is  n 
easily  started  or  kept  in  operation  as  the  forms  burning 
derived  from  the  various  gas-producing  methods  or  by  the  w 
ization  of  volatile  hydrocarbons,  such  as  gasoline. 
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BT  Required  for  Machine  Tool8.^-The  amount  of  power 
rovided  in  a  repair  shop  depends  entirely  upon  the  char- 
d  number  of  maehines  to  be  driven.    If  a  line  of  shafting 

used  to  turn  the  machinery,  and  especially  if  there  are 
lal  countershafts  for  each  machine,  as  is  needed  for  most 
f  shop  tools,  it  will  be  necessary  to  double  the  power  re- 
nts of  the  tools  used,  as  given  in  the  accompanying  tabu- 
to  take  care  of  loss  of  power  through  belt  slip,  journal 
,  lack  of  machine  alignment  and  other  causes.  The  figures 
re  taken  from  the  best  mechanical  authority  and  are  an 

of  some  widely  different  estimates  for  the  same  class  of 


Energy  (Consumption  of  Common  Machine  Tools 

Machine  H.  P. 

litive  Drill   32 

k  Gear  Drill  Press  (20") 42 

k  Gear  Drill  Press  (30") 45 

iml  DriU  (medium  size)   1.12 

Lathe 26 

Lathe 38 

Lathe 44 

Lathe 65 

ed  Lathe 15 

ling  Machine   (small)   19.29 

iing  Machine  (large) 83 

per  (14") 35 

per  (24") 52.70 

Ber  (small)    00 

ner  (medium)    50 

I  Grinder  (one  wheel)    97 

i  Grinder  ( two  wheel)  1.15 

iTy  Soughing  Grinder  (two  wheel)  1.90 

ishing  Stand  (High  Speed)   1.00 

•er  Hacksaw  (12"  to  14") 06 

taJlation  of  Machine  Tools. — The  placing  of  the  machinery 
|»end  entirely  upon  the  ideas  of  the  master  mechanic  and 
t  method  of  installing  line  shafting  will,  of  course,  depend 
ke  character  of  the  building  and  the  materials  of  which  the 
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wall  or  ceiling  to  which  it  is  attached  is  constructed.  If  fl 
floor  space  permits,  the  machinery  should  be  arranged  so  that  I 
may  be  driven  from  a  single  main  line  of  shafting.  Ifr  is  uti 
to  remember  that  a  reduction  of  the  length  of  the  shaft  SBd  S 
number  of  hangers  for  its  support  decreases  journal  friction  il 
consumes  less  of  the  shop  power.  If  the  machines  are  on  ^ 
ground  level,  as  is  the  case  with  most  small  shops,  the  floor 
be  made  of  heavy  planks,  attached  to  substantial  beams  laid 
a  foundation  of  cinders  or  well  grouted  crushed  stone.  A  floor 
cement  should  always  be  planked  over  because  the  wood  flooiii 
is  much  easier  on  the  feet  of  the  workmen.  It  seemA  almi 
unnecessary  to  mention  that  a  perfectly  level  floor  should 
sought  for.  It  is  imperative  that  the  floor  be  substantial  en* 
so  it  cannot  vibrate  and  have  sufficient  strength  so  it  will 
deflect  under  the  weight  of  the  machine  tools.  There  is 
danger  from  this  source,  if  the  machine  room  is  placed  on 
upper  floor  of  a  converted  building  that  has  not  been  es 
constructed  for  automobile  repair  work.  All  machinists  and 
Wrights  agree  that  the  foundation  for  the  bed  of  a  machine  shi 
have  no  deflection,  if  the  life  of  the  machines  and  the  ace 
of  the  work  performed  upon  them  is  to  be  given  considera 
The  problem  is  considerably  simplified  when  one  considers 
in  automobile  repairing,  machine  tools  of  great  weight  are 
used,  so  there  should  be  no  difficulty  due  to  either  floor  vib: 
or  deflection  in  any  ordinarily  well  constructed  building. 

The  floor  plans  presented  at  Figs.  3,  4,  5  and  6  inclusive 
logical  arrangements  of  machine  tools  that  can  be  followed 
advantage.     The  lathes,  milling  machines  and  shapers  should 
installed  where  there  will  be  plenty  of  light  upon  them, 
is  well  to  group  all  lathes  together,  if  possible.     Drilling 
boring  machines  must  be  installed  with  ample  floor  space 
them  so  the  large  work  can  be  handled  to  advantage, 
room  should  be  allowed  around  each  individual  machine,  and 
should  be  sufficient  space  between  the  benches  and  tools  to 
the  workmen  at  the  bench  to  pass  between  the  operator  at 
machine  and  the  bench  with  room  to  spare.     An  ideal 
ol  installing  an  electric  motor,  if  this  is  used  as  a  aouroa 
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Tig.  25. — Slmplo  Foims  of  Lathes. 
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power,  as  would  be  the  case  in  any  city  or  town  where 
station  current  was  available,  is  to  support  it  on  a  stout  pUi 
suspended  from  the  ceiling  at  any  convenient  point  and  to 
a  direct  belt  connection  with  the  main  driving  pulley  of  the 
shafting.  The  proportions  between  the  motor  armature 
and  that  on  the  line  shaft  should  be  such  that  the  speed  of 
shafting  will  not  exceed  300  R.  P.  M.  The  switches, 
rheostats  and  fuse  blocks  should  be  placed  on  one  panel 
convenient  height  on  the  wall.  As  an  electric  motor  needs 
little  attention,  in  some  shops  it  is  hung  directly  from  the 
i.e.,  the  base  is  securely  attached  to  the  beams  by  lag  screws, 
precaution  is  taken  to  change  the  location  of  the  lubricating 
wells  under  the  main  journals,  a  motor  can  be  operated  just 
well  upside  down  as  in  any  other  position.  Where  central 
current  is  procurable  and  but  few  machines  are  used,  the 
vidual  motor  equipment  does  not  have  the  advantages  in  a 
establishment  that  are  presented  in  its  favor  when  used  in  the 
manufacturing  enterprises.  "While  an  individual  motor  for 
machine  eliminates  a  large  amount  of  overhead  shafting, 
etc.,  and  conduces  to  a  lighter  and  cleaner  shop,  it  is  do 
if  the  advantage  of  rendering  each  tool  or  machine  indepe: 
of  the  others  as  regards  power  would  compensate  for  the 
such  an  equipment.  It  is  doubtful  if  individual  motor  drive 
be  an  economy  in  the  repair  sliop  if  one  considers  that  most 
panics  supplying  current  make  a  fixed  service  charge,  this 
figured  so  closely  that  it  is  almost  as  cheap  to  keep  a  low 
motor  going  all  day  as  to  keep  shutting  it  off  and  on  or 
varying  number  of  smaller  motors  having  in  the  aggregate 
what  less  power.  Besides,  in  a  repair  shop  of  any  size,  it  i 
likely  that  there  will  be  any  lull  in  the  work,  and  power 
be  required  from  morning  to  night. 

The  Lathe,  Types  and  Accessory  Equipment. — Two  very 
forms  of  lathes  which  are  better  adapted  for  the  private 
repair  shop  than  for  general  work  are  shown  at  Fig.  25. 
A  is  a  foot  power  machine  that  is  capable  of  doing  very  fine 
and  that  is  well  adapted  for  experimental  and  light  repair 
poees.     It  will  swing  nine  inches  and  has  a  space  of  25  i 
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centers.    The  tail  stock  can  be  set  over  for  taper  turning, 
a  swivel  tool  carriage  permits  a  wide  range  of  work.     It  is 
led  with   a  lead  screw  and  is  suitable  for  thread  cutting, 
lathe  at  B  is  a  small  speed  lathe  that  is  shown  with  a  tool 
adapted  for  hand-turning  tools.    This  can  be  replaced  by  the 
form  of  cross  slide  rest,  making  it  suitable  for  metal  turning 
A  small  lathe  of  this  nature  is  included  in  many  repair 
for  wood  turning  and  is  often  fitted  with  a  drill  chuck  and 
in  place  of  a  sensitive  drill  for  light  drilling.    A  machine  of 
kind  is  inexpensive  and  very  useful.    The  light  screw-cutting 
shown  at  A  is  also  furnished  with  a  countershaft,  making 
fmtable  for  power  drive,  though  a  surprising  quantity  of  accu- 
work   may   be   accomplished  without  unduly   fatiguing  the 
itor,  if  the  foot  power  form  is  utilized. 
An  lathes,  with  the  possible  exception  of  the  speed  lathe,  in 
to  be  thoroughly  practical  for  repair  shops,  should  have 
r-cutting  attachments,  elevating  compound  rests,  hollow  spin- 
and  a  good  outfit  of  auxiliary  attachments.    Several  sizes  of 
and  face  plates,  and  a  steady  rest  and  back  rest  for  long 
should  also  be  pro\dded.    A  lathe  that  will  cut  from  four 
forty  threads  per  inch  has  sufficient  range  for  all  ordinary 
work.     A  number  of  different  designs  of  lathes  of  latest 
5m  suitable  for  repair  shop  use  are  shown  at  Fig.  26.     That 
A  is  the  conventional  form  of  engine  lathe  that  has  been  so 
rersally  applied  in  the  machine  shops  of  the  world.    It  is  back 
and  provided  with  a  complete  set  of  gears  for  screw  cut- 
The  difference  between  this  lathe  and  that  shown  at  B  is 
the  change  speed  gear  box  provided,  by  which  any  desired 
of  travel  of  the  carriage  may  be  obtained  by  merely  shifting 
flwer.     In  the  form  shown  at  A  it  is  necessary  to  remove  the 
and  stud  gears,  and  in  some  cases  the  lead  screw  gears, 
replace  them  with  others  for  varying  classes  of  work.     In 
form  at  B  any  desired  gear  ratio  within  the  range  of  the 
may  be  obtained  by  the  simple  movement  of  a  gear-shifting 


Re  lathe  at  C  is  a  gap  bed  type,  one  of  which  should  be  in- 
in  the  equipment  of  practically  all  repair  shops,  and  ^'^ 
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Tig.  26. — Outlining  Prmctlcal  Dealgni  of  Latbes  for  Antomoblla 
Shop  Use. 

only  one  lathe  can  be  purchased  this  should  preferably  b( 
type.  The  gap  in  the  lathe  bed  makes  it  possible  to  swii: 
larger  work  than  would  be  possible  in  either  of  the  form 
at  A  or  S,  and  a  well  designed  gap  bed  will  not  be  app 
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in  the  solid  bod  form.  All  onlinary  work  may  be 
,  a  lathe  of  this  form,  and  in  addition,  the  ont^f-thc- 
>bs,  such  as  niachiiiin(;  a  flywheel,  facint;  a  large  clutch 
ite,  etc.,  can  be  accoiiiiilished  when  desired, 
ilete  outfit  suitable  for  most  of  the  requirements  of 
d  general  repair  shops,  which  sells  for  approximately 


/ana^^nr    ^ftt<Siina     Tofis 


yplc^  Screw  Cuttdng  Engliie  Lathe  wIUl  CompleU  EqnipnMDt 
Adapted  foi  Automobile  Bepali  Work. 

iwn  at  Fig,  27.  This  includes  a  13-inch  Bwiiifrx  '^Yi-ioot 
■fared,  screw-cut  ting  engine  lathe.  It  is  provided  with 
ongitudiual  and  cross  feeds.  The  cone  pulley  hiis  four 
two  inch  belt.  The  ratio  on  the  back  gearing  is  7  to  1. 
•ek  is  cut  away  to  permit  the  compound  rest  to  bo  swung 
to  degrees,  and  is  fitted  wiUi  a  sleeve,  bored  to  confonii 
(per  Xo.  4,  and  lias  a  self-discharging  center.  The  tail 
>e  set  over  for  taper  turning.  The  cross  fcM'il  screw  has 
1  collar  so  the  feed  may  be  regiiJ.'ifcd  to  one-thoasandt\^ 
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o£  an  inch.  Change  sp«ed  gears  are  famished  to  cnt  threac 
5  to  36,  inelnding  liy^  pipe  thread  and  one  extra  eon 
gear  to  cover  all  special  threads  from  3  to  72.  The  special 
eqaipment  consists  of  the  parts  outlined  in  illnstrations. 
are  lar^  and  small  face  plates,  follow  rests,  steady  resi 
ponnd  rest,  centers,  wrenches,  full  set  of  change  speed 
double  friction  countershaft,  four  jaw  independent  chucl 


Fig.  28. — ^Dsefnl  IiUnp  Supporting  Bncket  for  Vat  on  lAtlu 


chuck,  fict  of  lathe  dogs,  and  a  set  of  turning  and  boring  too! 
equipment  of  this  nature  is  not  only  practical,  but  if  the  cc 
outfit  is  purchased  the  garage  man  is  sure  of  obtaining  a  pi 
machine  tool  for  all  ordinary  repair  work.  The  outfit  shown 
be  the  same  regardless  of  the  size  of  lathe  purchased,  exec; 
the  auxiliaries,  snch  as  face  plates,  chucks,  and  tools,  wo 
all  propt-rly  proportioned  for  the  machines  they  were  to  I 
with.  In  purchasing  a  number  of  lathes  it  is  not  uecest 
buy  a  full  etjuipment  for  each  lathe.     For  instance,  two 


Fig.  29.— TTMfnl  AppUancM  to  Facilitate  Lktlie  Work. 


B  face  platps  would  be  enough  for  four  lathes  if  these  were 
nine  size.  The  follow  rest  and  steady  rest,  which  are  not 
otinnally  and  forming  the  part  of  one  lathe  outfit,  would, 
le,  be  suitable  for  any  others  of  the  same  pattern.  The 
^pes  of  lathe  tools,  chucks,  etc.,  will  be  considered  more 
til  in  the  next  chapter,  which  deals  with  the  small  tool 
mt  of  the  shop, 
■the  is  not  complete  without  a  number  of  additional  oon- 
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veniences,  such  as  shown  at  Figs.  28  and  29.     The  impoi 
of  proper  illumination  of  the  work  is  apparent,  and  this  may 
assured  by  using  a  universally  jointed  incandescent  lamp  sup] 
such  as  shown  at  Fig.  28.    The  universal  joints  make  it  posdl 
to  set  the  lamp  at  any  desired  angle  and  at  any  point  that  is  m< 
convenient  for  the  operator  within  a  wide  range.    When  cul 
resisting  materials,  such  as  the  alloy  steels  used  so  widely  in  ai 
mobile  construction,  as  well  as  when  taking  roughing  cuts, 
lubricant  container  shown  at  Fig.  29,  A,  is  of  value,  as  it 
only  is  capable  of  ready  attachment  to  the  lathe  carriage,  but 
direct  a  constant  stream  of  lubricants  or  cutting  compound  on 
point  of  the  tool  in  order  to  prevent  it  from  becoming  overheat 
As  the  container  is  supported  by  the  carriage,  it  must  move 
proper  relation  with  the  cutting  tool.     The  rack  shown  at  B 
an  important  adjunct,  inasmuch  as  it  provides  a  place  for  hoh 
the  machinist's  tools  where  they  will  be  accessible  and  yet  out 
the  way.    The  base  of  the  rack  is  designed  to  fit  the  lathe  8h( 
and  will  keep  various  wrenches,  files,  etc.,  out  of  contact  with 
lathe  ways.    A  drawer  is  provided,  wliich  may  be  locked,  in 
the  machinist  can  keep  his  finer  tools,  such  as  the  micromel 
calipers,  etc.     Another  adjunct  to  the  lathe  is  the  tray  mouBl 
on  a  wheeled  stand  shown  at  C,  designed  to  be  placed  under 
lathe  bed  to  catch  chips  and  borings  of  metal  and  keep 
from  the  floor.    Its  construction  is  very  simple,  and  as  it  is 
entirely  of  metal,  it  is  durable  and  fire-proof.    The  various 
of  equipment  outlined  are  marketed  by  Ihe  New  Britain  Mi 
Company. 

Shapers,  Planers,  and  Drilling  Machinery. — ^Both  the 
and  planer  remove  metal  from  flat  surfaces,  whereas  the  lathe 
essentially  a  tool  for  machining  cylindrical  surfaces.  In  the  si 
which  is  shown  at  Fig.  30,  A,  the  work  is  mounted  in  a 
work-holding  vise,  while  the  cutting  tool  is  carried  in  a  tool 
mounted  at  one  end  of  the  reciprocating  shaper  head.  The 
may  be  moved  laterally  by  hand  or  power  feed,  while  the 
may  be  raised  or  lowered  to  get  the  depth  of  cut  by  the  lever. 
The  tool  post  is  mounted  on  an  index  so  that  it  may  be  set  at 
desired  angle.    As  previously  stated,  much  of  the  work  that 
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be  done  on  milling  machines  can  also  be  performed  on  the 
with  less  expensive  tools. 

The  planer,  an  example  of  which  is  shown  at  Fig.  30,  B, 
better  adapted  for  handling .  large  work  than  the  shaper.  In^ 
planer  the  tool  is  fixed  relative  to  the  work,  except  as  relates 
vertical  or  lateral  feeds.  The  tool  is  clamped  in  the  tool  post 
which  is  provided  with  an  index  fixture  similar  to  that  of  the 
and  a  hand  feed  lever  for  setting  the  depth  of  cut.  The 
post  carriage  may  be  moved  up  or  down  on  the  supporting 
ards  by  means  of  a  hand  crank  which  operates  the  bevel-i 
gears.  The  work  to  be  machined  is  secured  to  the  planer 
or  platen  B,  which  slides  upon  the  ways  machined  in  the  bed 
As  will  be  evident,  the  work  is  brought  against  a  fixed  cutting 
whereas  in  the  shaper  the  work  is  fixed  and  the  cutting  tool 
cates  over  the  work  surface.  A  planer  is  useful  in  ma< 
large  objects  such  as  motor  crank  cases,  gear  boxes  and  mi 
the  flat  surfaces  on  cylinder  castings. 

The  drilling  machinery  provided  should  include  a  back-( 
drill  press  having  a  table  capacity  to  swing  24  inches.    A 
machine  of  this  nature  of  good  design  is  shown  at  Fig.  31. 
tool  should  be  back  geared,  meaning  that  the  spindle  speed 
be  slowed  down  for  handling  large  drills  or  doing  heavy 
It  should  have  both  hand  and  power  feed  and  a  table  adji 
for  both  height  and  position.    In  the  machine  shown  the  table 
be  swung  entirely  clear  or  off  to  one  side  and  large  work  sup] 
directly  on  the  base  which  is  provided  with  slots  capable  of 
T-bolts.    The  spindle  which  liolds  the  drills  may  be  raised  by  a 
lever  for  quick  feed,  by  a  hand  wheel  acting  through  worm 
ing  for  slow  feed  and  by  level  gears  for  power  feed.    The  spil 
drive  shaft  is  provided  with  a  keyway  and  passes  through 
main  drive  bushing  which  is  driven  by  bevel  gears  at  the  top  of  ^ 
column.    A  drill  press  may  also  be  used  for  boring  and  will 
large  work  that  cannot  be  conveniently  supported  in  a  lathe. 

A  large  variety  of  milling  work  can  also  be  done  if  a 
machine  attachment  such  as  shown  at  Fig.  32,  A,  is  proi 
This  has  a  circular  base  about  12  inches  in  diameter  and  a 
J  61^  inches  longx6i/{,  inches  wide.     A  longitudinal  feed  of 
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1.— HMUnm  8iH  Back  0«and  nprlgbt  DrlUliig  Uutdne. 

.  cross  feed  of  7  inches  is  provided  by  the  fixture  itself, 
,  of  course,  be  increased  somewliat  by  swinging  the  dnW 
rp  table  of  the  attachment  is  provided  with  s\o\s  iOT 
neh  T-bolts  for  damping  ^vo^k,  and  the  vise  jaWB  pTC 
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vided  have  an  opening  of  ten  inches.  The  table  is  provided 
an  index  support  so  the  work  may  be  eet  at  any  desired  angl 
If  possible  it  is  well  to  provide  a  smaller  drilling  machine 
ing  hand  feed  only,  which  is  known  as  the  sensitive  drill  press. 
should  have  three  or  four  speeds  and  be  capable  of  taking  dril 


Tig.  32. — PncUcKl  Machlno  Tenia  foi  Small  Madiina  Sbop. 


to  at  least  three-eightlis  of  an  inch  in  diameter.  The  table  si 
be  adjustable  up  or  down  and  sideways,  the  arm  should  swi 
the  right  or  left  and  should  he  of  the  type  that  permits  one  t 
either  a  V-block  or  cup  to  support  bar  stock  in  its  place.  A 
form  of  sensitive  drill  that  is  suitable  for  use  on  the  work  I 
Afid  which  is  electrically  operated  by  a  small  motor  is  shot 
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1,  B.  A.  variety  of  speeds  is  obtained  owing  to  the  friction 
The  staxting  rheostat  and  switch  are  mounted  conveniently 
ase  permitting  secure  attachment  to  the  bench. 
long  the  smaller  appliances  that  are  comparatively  inexpen- 
nd  yet  very  useful  may  be  mentioned  the  power  hacksaw, 
is  not  only  simple  but  consumes  very  little  power  and  is 
latic  in  action  after  once  being  started.  It  occupies  but  little 
space  and  is  very  useful  in  cutting  pieces  from  bar  stock,  such 
*el,  iron,  or  brass  more  than  an  inch  in  diameter.  A  typical 
r  hacksaw  is  shown  at  Fig.  32,  C.  This  consists  of  a  frame, 
►rocated  by  a  crank,  which  imparts  its  motion  to  the  saw 
le  through  the  medium  of  a  connecting  rod.  The  crank  is 
ed  by  a  pulley  which  is  usually  belted  direct  to  a  very  small 
ey  on  the  line  shaft  and  which  turns  at  a  speed  considerably 
jr  than  that  member.  The  feed  is  automatic  and  may  be  varied 
altering  the  position  of  the  weight  regulating  the  amount  of 
Bure  with  which  the  saw  bears  against  the  work.  The  piece 
te  cut  is  securely  held  in  a  vise  attached  to  the  bed  of  the  ma- 
le which  is  supported  on  cast  iron  legs  in  order  to  raise  it  to  a 
venient  height  from  the  floor.  A  simple  trip  is  provided,  so 
t  when  the  piece  is  sawed  through,  the  drive  will  be  interrupted 
.  the  saw  frame  will  remain  stationary. 

An  arbor  press  of  large  capacity  is  almost  a  necessity,  and  in 
Q  the  smallest  shops  some  kind  of  a  press  is  essential  for  making 
ee  or  press  fits,  removing  parts  forced  on,  straightening  bent 
eg  or  tubular  housings,  and  for  removing  arbors  from  parts  ma- 
ned  on  the  lathes  or  millers.  A  press  capable  of  exerting  10 
15  tons  pressure  will  be  sufficient  to  cope  with  any  work  brought 
0  the  ordinary  shop.  One  or  two  smaller  arbor  presses  can  be 
d  to  advantage  and  should  be  mounted  directly  at  tlie  ends  of 
}  large  lathe  beds,  these  serving  to  straighten  small  parts,  such 
Talve  stems,  etc.,  and  to  do  light  work  in  making  force  fits,  and 
inserting  and  removing  arbors  from  all  work  in  w^hich  these  are 
cessary. 

A  number  of  different  designs  of  arbor  presses  are  sIiowil  at. 
ig.  33.   That  at  A,  baa  a  distance  between  screws  o£  20  mc\\^  ^xiSl 
'^^ce  between  tbe  bead  and  table  of  36  inches,    Ite  e^.p«c^\\.^ 
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is  ooe  hundred  thousand  pounds  and  it  weighs  870  pounds 
a  very  convenient  press  for  use  in  the  automobile  repair  sb 
its  construction  makes  it  specially  well  adapted  for  pressing 
into  and  from  pulleys,  flywheels,  gearhubs,  etc.,  and  a 
straightening  automobile  shafts.     The  engraving  shows  tl 


atmction  and  principle  of  operation  of  the  maeliine  very  dis 
Two  large  guide  screws  rise  from  the  table  iipon  which  tl 
bead  is  adjustably  supported,  as  it  has  two  semi-screw  ni 
toggle  mechanism  by  which  the  cross  head  is  held  fast  or  i 
for  vertical  adjustment.  The  cross  head  is  balanced  by  i 
as  shown,  and  a  steadying  bar  connects  the  press  cup  with  tl 
screw.     A  spur-toothed  ratchet  wheel  is  fixed  on  one  end 
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rew,  this  being  embracoii  by  a  forked  lover  bead  fiilcnimed 
ate  on  tlie  press  screw.  A  double  acting  spring  pawl  eu- 
le  tcoth  of  the  rntcliet,  and  a  hand  erank  is  itttachod  to  the 
rifW  iu  order  that  it  may  be  raised  or  lowered  quietly,  if 
After  the  object  has  been  placed  in  the  press,  tlic  cross 
wlijch  the  central  screw  is  mounted  can  be  instantly  dropped 
mrk,  and  with  a  few  turns  of  the  screw  the  required  pres- 
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.—Arbor  presB  DeBlgn  of  SpecUl  Vilno  In  Automobile  Repair  Sbop. 

ly  In-  a]iplied.  An  important  saving  in  lime  is  thus  eiTeeted, 
ed  witli  the  method  where  a  number  of  blocks  must  bi- 
on  tlie  bed  plate  to  raise  the  object  sufficiently  to  be  acted 
:he  press  screw.  Tapering  stjuared  sockets  are  provided  in 
nl  of  tlie  pawl  carrier  to  permit  the  intriKhiction  of  tlu'  long 
lown  leaning  against  the  press  base,  which  will  provi<le  a 
■eat  leverage  on  the  screw.  The  small  arbor  press  shown  at 
the  Greenerd  type  and  is  intewdffJ  to  he  placed  on  the  \i\Uwi 
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shears  where  it  will  be  handy  to  the  operator.    Such  a  press 
useful  for  small  work. 

For  straighteulng  shafts  a  special  form  of  press  is  pi 
which  is  superior  for  that  work  as  it  is  designed  for  it.  A 
shaft  straightener  is  shown  at  Fig.  33,  B.  As  will  be  notice 
very  similar  in  construction  to  an  arbor  press,  except  tliat  tl 
is  provided  with  a  slot  in  which  V-blocks  are  placed  to  supp 
shaft.     Another  V-block  is  attached  to  the  end  of  the  sen 


Fig.  3E. — EloetilcaUy  Operated  OrindlDK  AtUdunent  for  Latha  Toe 


bears  upon  the  shaft.  In  order  to  ascertain  if  the  shaft  is  pi 
straightened,  a  pair  of  centers  are  mounted  in  front  of  the  p 
a  long  bar  attached  to  its  base.  As  a  shaft  must  be  pla 
centers  a  number  of  times  in  straiglitening  in  order  to  obse 
progress  of  the  work,  the  combination  shown  is  evidently  s' 
for  the  purpose.  With  the  usual  form  of  arbor  press  the  sha 
be  taken  to  a  lathe  and  swung  between  the  centers  after  eacl 
ing  operation.  The  process  of  shaft  straightening  is  a  compai 
simple  one,  as  it  is  revolved  on  centers  and  the  high  spot  in 
by  holding  a  piece  of  chalk  against  the  shaft  surface.  TI 
spot  is  then  placed  directly  under  the  press  screw  and  the  p 
brought  to  bear  against  the  shaft  will  tend  to  straighten  it 
to  its  two  point  support. 

Another  very  good  form  of  press  for  repair  shop  use  is  si 
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k34.  At  A,  the  method  of  removing  gears  from  a  shaft  is  shown, 
■e  at  By  the  press  is  depicted  straightening  a  shaft.  The  press 
pttlj  handled,  as  a  small  hand  wheel  is  pro\dded  on  the  front 
Be  machine  to  run  the  ram  quickly  up  or  down.  This  press  has 
p  inch  space  between  uprights,  a  12  inch  opening  under  the 
K  26  inch  over  the  plate  and  48  inch  over  the  lower  plate 
pUe.  Bein^  mounted  on  wheels  the  press  can  be  easily  moved 
IBiy  portion  of  the  shop  to  straighten  an  axle  or  over  a  trap  hole 
BDgh  which  a  crank  shaft  may  be  placed  to  remove  a  flywheel, 
le  auxiliary  plate  at  the  bottom  of  the  chamber  under  the  re- 
Iriiig  plate  has  a  revolving  centre  and  is  very  convenient  when 
ided.  Tlie  centre  of  this  plate  is  provided  with  a  self-centering 
eface  or  a  spherical  or  ball  joint  which  will  insure  steady  press- 
K  on  the  centre  line  of  the  press  even  if  the  work  is  tilted  slightly 
n  it  is  initially  placed.  With  this  press  one  man  can  exert 
^temre  of  ten  tons  and  two  men  sixteen  tons.  With  tlie  lever- 
e&rm,  the  workman  is  able  to  **feer'  what  he  is  doing,  therefore 
I  danger  of  applying  excessive  pressure  is  avoided. 
flpedal  Tool  Attachments  of  Value. — ^I!^Iany  special  devices  can 
\mA  to  facilitate  machine  work  which  should  be  included  in  the 
Bment.  In  automobile  repair  work  many  irregular  pieces  are 
■died,  and  it  would  seem  to  the  writer  that  a  set  of  universal 
■e  plates,  which  could  be  used  with  equal  facility  on  the  bed 
pe  drill  press  or  shaper  or  on  the  face  plate  of  the  lathe,  would 
pa  excellent  investment.  Then  there  are  the  index  heads,  which 
ike  mounted  on  almost  any  machine  tool,  and  which  enable 
Ito  cut  gear  teeth,  mill  slots,  or  drill  holes  at  regular  intervals 
pod  the  periphery  of  a  circular  piece,  without  time  spent  in 
H  out.  The  vises  for  holding  work  on  the  drill  press  or 
per  should  be  a  pattern  that  they  can  use  on  the  face  plate 
He  lathe,  and  two  or  three  different  sizes  can  be  employed 
ihaiitage.  Special  boring  bars,  cutters,  and  grinding  wheels 
pd  be  provided,  as  needed.  A  small  portable  electric  motor 
fkrwa  in  Fig.  35  mounted  on  the  lathe  tool  rest  can  be 
1  in  grinding,  both  internal  and  external.  For  the  sharp- 
iH'of  drills,  cutting  tools,  reamers,  etc.,  small  universal  bench 
■^rs  as  at  A,  Fi^.  36,  driven  directly  by  small  electric  motor 
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Fig.  36. — FiBctlcal  Forms  of  Qrladins  UactaineT?. 

cir  liy  licit  fniiii  llii'  line  sliiiftiiifr.  t.-iui  In-  |ii'iitiliiUly  iiistalli'i 
L-i|iiiimii-iit  (if  drills.  t;i[is,  rcaiinTS,  c-lc-.,  will  iIi'ih'ihI  onlin'I 
tlie  dijiitiil  tmc  wishes  to  invest  in  spi-i-iii!  i-'jiiiipiin'iit,  but  ei 
kIiduIiI  I)i>  iiihiIi-  to  Imvc  iiii  iissiirtim-nt  l.liiit  will  iiic^ludu  i 
till-  Klaiirl;iri]  am-s  cm\i\<iyf<\  in  iiiiil^tiii;  iiiitouinliili;  piirts. 
HIT  I'lilly  I'lmsidriN'd  in  tin-  folliwiiifr  c-lnipttr. 
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:  Another  form  of  bench  grinder,  provided  with  straight  and  an- 
rests  and  capable  of  driving  two  wheels,  is  shown  at  B.    This 
i  slightly  heavier  fonu  than  shown  at  A,  but  is  not  sufficiently 
to  require*  the  use  of  a  special  support.    The  grinder  shown 
C,  is  also  intended  to  be  mounted  directly  on  the  work  bench 
in  contrast  to  the  other  forms  shown,  whicli  are  dry  grinders, 
B  provided  with  a  housing  and  a  smsill  water  tank  for  all  forms 
Vet  grinding.     A  ver>'  useful  apjiliance  for  use  with  a  bench 
er  is  shown  in  this  illustration.     This  is  an  adjustable  work 
which  can  be  set  at  any  angle,  making  it  «'spt*cially  valuable 
tool  grinding.     The  machine  illustrated  at  I)  is  a  small  two- 
led  grinder  mounted  on  a  substantial  base  which  incorporates 
countershaft  beneath  tlie  table.    The  grinders  shown  at  A,  B  and 
make  it  necessary  to  install  either  a  countershaft  with  tight  and 
pulleys  or  a  clutch  i)ulley  over  them  to  drivt*.     Tht*  grinder 
at  D,  with  integral  countersljaft  can  be  belted  directly  to 
main  drive  shaft.    A  grinding  machine  for  heavy  work  is  shown 
E.  This  is  the  same  in  general  construction  iis  tlu^  lighter  forms, 
tthat  it  is  much  more  substantial.    Attention  is  directed  to  the 
^acing  attachment  mounted  over  the  grinding  wliecl.    This  may 
raised  or  lowered  as  desired,  and  as  the  table  is  accurately  i)lanctl 
surfaced  it  is  very  valuable  for  grinding  work  absolutely  flat. 
In  many  small  shops  it  is  not  possible  to  furnish  a  very  complete 
ent  of  machine  tools,  and  while  tools  designed  for  a  specific 
are  always  best  if  they  can  be  purchased,  it  is  sometime'* 
ible  to  do  very  satisfactory  work  on  simple  macliines  adaptetl 
a  variety  of  work.    A  small  bench  maeliine  that  can  be  used 
as  a  lathe,  drill  press  or  milling  machine  is  sliown  at  Fig.  ^M, 
may  be  driven  by  a  small  electric  motor  or  can  be  providi'd 
i  a  two-speed  cone  pulley,  as  shown.    At  A  the  macliiiie  is  set 
for  uw»  as  a  drill  press,  at  B,  the  change  of  the  attachment 
its  it  to  be  employed  for  milling.     Vertical  feed  is  provided 
the  milling  cutter  may  be  raised  up  or  down,  and  botii  cross 
lateral  feeds  of  the  work  are  obtained  by  hand  lever.    When 
as  a  lathe  it  is  possible  to  drive  the  lead  screw  through  gear- 
so  that  an  automatic  lateral  feed  is  obtained,  this  nuiking  ])os- 
thn^ad  cutting  operations.     The  fint  tahh'  .s/ir)wn  at   A,  cau 
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be  supplemented  by  an  index  table  for  use  in  milling 
used  as  a  sensitive  drill  tlie  feed  is  by  hand  lever  attach 
drill  spindle.  This  tool,  which  is  known  as  the  "bench  in 
is  furnished  complete  with  a  countershaft  milling  vise,  f 
dividing  head  and  tool  post,  Wlien  used  as  a  drill  press,  tl 
may  be  adjusted  to  any  desired  angle  and  the  work  b: 
the  tool  if  necessary.  As  a  drill  its  capacity  is  up  to  a 
The  spindle  fits  a  number  two  standard,  Morse  taper  shan 


Tig.  37. — Combination  Tool  tbat  Can  be  0sed  u  a  Latbo,  Sensi 
or  HlUlng  Macbine,  ITBeful  for  the  Small  Bepalr  Sbop 


used  as  a  milling  machine  the  open  side  design  permits  thi 
to  do  work  on  long  pieces  such  as  cutting  keyways,  straij 
or  Woodruff;  squaring  ends  of  long  axle,  splining  and  o- 
of  this  nature.  The  diameter  of  the  arbor  is  seven-eigh 
inch  and  the  extension  arm  permits  the  use  of  an  arb 
inches  long.  This  machine  will  cut  small  spur  gears  i 
gears.  It  will  consume  but  one-fourth  of  a  horsepowei 
used  as  a  lathe,  milling  machine,  or  drill.  While  its  c; 
limited  it  can  handle  such  a  variety  of  work  that  it  will 
a  valuable  item  of  equipment  in  even  a  machine  shop 
pretensions. 


Combination  Machinery  98 

ft  repairman  who  does  not  use  power  may  find  a  number  of 
machines  turned  by  either  hand  or  foot  that  will  do  very 
•©rk.  A  foot  power  lathe  suitable  for  light  repair  work 
en  previously  described.  At  Fig.  38,  A,  a  hand-operated 
hrfll  and  tool  grinder  is  shown,  while  at  B,  a  small  hand 
'  which  can  be  set  up  to  form  part  of  an  ordinary  vise  is 
.  The  tool  is  carried  by  a  reciprocating  shaper-head  worked 
indle,  and  the  tool  post  may  be  raised  or  lowered  vertically 
to  any  desired  angle  just  as  the  larger  shaper  tool  is.  Screws 
ovided  for  both  vertical  and  lateral  feeds  and  a  large  variety 
k  may  be  done.  Such  a  hand  shaper  may  be  used  for  cutting 
ya^  squaring  shafts,  repairing  broken  gears  that  have  been 
bgr  the  autc^enous  process  where  solid  metal  has  replaced 
her  of  broken  teeth,  and  for  many  other  repairs  that  will  sug- 
kemaelTes  to  a  practical  mechanic. 

lodbmaoiu  Shop  Equipment. — A  number  of  useful  articles 
Ht  shop  furniture  are  illustrated  at  Fig.  39.  A  and  B  are 
jULpbua  views  respectively  of  a  substantial  stand  for  working 
■HiilHle  engines.  The  end  pieces  are  cast  iron  leg  members 
M  Mmi-circular  piece  at  the  top.  A  boss  is  provided  to 
li  a  through  shaft  upon  which  the  motor  carrying  frame 
L  When  in  the  position  shown  at  A,  the  motor  is  hung 
I  down,  which  provides  ready  access  to  the  engine  base.  The 
carrying  frame  can  be  swung  completely  over  until  it  is 
t  other  side  of  the  stand,  under  which  conditions  the  cylin- 
(nd  parts  at  the  top  of  the  motor  may  be  easily  reached. 
Heated  by  the  dotted  line,  the  motor  carrying  frame  may 
;  at  any  intermediate  point  and  firmly  locked  in  place  by 
I  to  the  semi-circular  pieces  at  the  top  of  the  end  castings. 
D  be  apparent  from  the  view  at  B,  the  motor  frame  may 
igned  so  that  the  supporting  members  may  be  moved  in 
to  hold  motors  of  various  sizes.  With  this  form  of  stand 
Jkcssary  to  bolt  it  securely  to  the  floor  owing  to  the  overhang 

voter. 

t  ingenious  portable  work-bench  which  has  received  applica- 
ii  number  of  European  repair  shops  is  shown  at  C.  This  is 
Bcally  different  from  the  ordinaiy  work-bench  except  that  it 
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ng.  38. — Hand  Operated  Tools  of  Value  in  the  Small  Stop 
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elfl  tmder  the  1^^  at  one  end  and  a  pair  of  barrow  handles 
her  end  for  moving  it  about.  A  vise  is  mounted  at  one  cor- 
le  bench,  a  box-like  shelf  imdemeath  permits  carrying  parts 
to  be  worked  on  and  drawers  at  the  end  of  the  table  provide 
lient  carrying-place  for  tools.  The  bench  is  of  strong  con- 
1  and  its  steadiness  is  increased  by  having  rollers  under  one 
heels  only  and  mounting  the  vise  and  tool  drawer  so  their 
B  on  the  legs  that  have  no  wheels.  A  ledge  may  be  placed 
three  sides  of  the  bench  to  prevent  tools  from  sliding  off 
ia  moved. 


Is.  39. — BvpalT  Shop  FninltBiv  ot  £Smtar«odaUe  Design. 
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Where  city  gss  is  available  as  fuel,  the  brazing  stand  t 
practical  article  of  repairghop  furniture.  This  consists  of  a  I 
iron  table  carrying  an  air  receiver  between  the  legs  and  fi 
support  the  brazing  torches  at  any  desired  position  above 
top.  The  top  of  the  table  is  protected  by  fire  brick,  which 
are  also  used  to  form  a  furnace  to  concentrate  the  heat 


Tig.  iO. — Outlining  Construction  of  Supporting  HMiilwr  for  CI 
AttAclunent  and  Appliance  for  Clatuilng  Huhlne  Put* 
Gasoline  Spray. 


pieces  to  be  brazed.  Complete  instructions  for  use  of  this  i 
forms  of  brazing  appliances  to  be  described  will  be  found  ii 
dealing  with  miscellaneous  processes. 

The  utility  of  the  chain  falls  has  been  previously  cc 
and  it  is  somewhat  a  problem  to  provide  a  substantial  n 
supporting  these  in  shops  where  tiie  overhead  trolley  is 
vided.  The  illustration  at  the  left  of  Fig.  40  shows  a  ve: 
and  strong  supporting  fixture  for  chain  falls  or  other  h 
may  be  easily  made  by  any  repair  shop  mechanic  in  spare 
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■ts  of  the  device  are  clearly  shown  and  dimensions  given, 
r  description  is  unnecessary. 

J  of  the  most  disagreeable  jobs  incidental  to  repairing  is 
g  the  accumulation  of  oil,  road  dust  or  grease  from  parts 
forked  on.  The  common  method  by  means  of  a  brush  and 
e  is  wasteful  and  time-consuming,  and  it  is  not  possible  to 
ite  all  corners  thoroughly,  as  many  of  these  are  inaccessible, 
le  or  kerosene  under  pressure  will  remove  dirt  without  using 
nantities  of  liquid.  A  typical  cleaning  outfit  is  shown  at 
iit  of  Fig.  40.  This  consists  of  a  large  receiver  fitted  with  a 
c  gauge  and  with  a  shut-oflE  valve  to  which  a  hose  connec- 
made.     The  tank  is  filled  about  half  full  of  the  cleansing 

The  hand  pump  provided  is  used  to  force  air  pressure  into 
(tainer  in  order  to  produce  a  spray  of  liquid  having  force 

to  dislodge  the  particles  of  dirt.     These  are  inexpensive 
n  save  their  cost  in  a  short  time  by  the  saving  in  cleaning 

KHne  large  cities,  notably  New  York,  Chicago  and  Boston, 
las  been  considerable  agitation  on  the  part  of  the  muni- 
nd  insurance  authorities  toward  the  enactment  of  legisla- 
idng  it  compulsory  for  the  automobile  repair  shop  or  garage 
tor  to  install  separators  attached  to  the  floor  drains  in  order 
ent  volatile  inflammable  oils,  such  as  gasoline,  kerosene  and 
Qts  from  flowing  into  the  sewer.  A  device  which  has  been 
sd  by  the  New  York  authorities  is  shown  at  Fig.  41.  It 
t  of  boUer  plate  and  standard  pipe  fittings  and  the  pro- 
is  can  be  easily  ascertained  by  inspection  of  the  illustration. 
lor  drain  is  connected  to  the  main  drum  upper  portion  and 
\et  from  the  floor  must  flow  into  that  chamber  before  it 
Its  into  the  sewer.  As  gasoline  and  lubricating  oil  are 
than  water,  they  will  float  on  the  top  of  that  liquid  and  will 
off  through  the  vertical  stand  pipe  extending  from  the 
H  forming  the  top  of  the  lower  compartment  to  a  point  just 
lie  water  line.  The  lower  compartment  is  provided  with  a 
Id  show  the  height  of  liquid,  a  drain  cock  by  which  the 
jpmpartment  may  be  emptied  and  a  large  cleanout  plug  for 
Kival  of  sludge  and  residue  that  will  not  drain  out  throuF^ 
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the  cock.  A  vent  pipe  extends  from  the  lower  compart 
the  air  in  order  to  prevent  the  accumulation  of  any  press 
to  gas  generation  from  vaporization  of  the  volatile  liquic 
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Fig.  41. — Separator  Intended  to  Keep  Volatile  InflammaUe  Liqul 

Entering  City  Sewen. 


upper  portion  of  the  container  and  the  pipe  connections 
provided  with  cleanont  phigs. 

Another  form  of  separator  is  shown  at  Fig.  42.  This  is  n 
to  meet  the  requirements  of  the  fire  and  building  depart! 
New  York  City  and  is  known  as  the  Paragon  Separate] 
said  that  the  best  position  for  this  device  is  near  the  side  ¥ 


Separatorg  for  Drainage 
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le  floor  trith  a  hand  pomp  projecting  through  the  floor. 
'£  water  contaming  gasoline  and  oil  enters  the  branch  floor 
d  flows  into  a  sand  box  where  all  solid  matter  is  extracted, 
is  point  the  liquid  flows  through  a  screen  into  a  U-shaped 
r  and  then  ont  through  a  discbarge  pipe  into  the  street 
Enside  the  main  portion  of  the  TJ-sbaped  container  is  the 
al  oil  chamber  in  which  the  volatile  liquids  are  collected. 


—JLaothn  Fonn  of  Sepumtot  foi  Gance  or  Kapftli  Shop  Use. 


e  stated,  these  are  lighter  than  water  and  will  float  on  the 
ind  thus  enter  the  oil  chamber  through  a  suitable  opening 
iclc  of  the  cylinder.  An  indicator  with  a  ball  float  shows 
of  liquid  in  the  oil  chamber  and  when  a  sufficient  quantity 
[ed  it  may  be  drawn  ont  by  a  hand  pump.  Two  air  vents 
ided,  one  running  to  the  roof  for  taking  out  the  impure  air, 
itber  one  runs  to  the  sidewalk  to  let  in  fresh  air  which  is 
ban  that  saturated  with  hydrocarbon  vapor,  thus  driving  W 
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out.  The  sand  box  is  placed  in  a  convenient  position  so  i 
ready  access  when  new  filtering  material  is  needed.  Reli 
are  provided  in  both  the  U<shaped  container  and  in  the  oil 
to  prevent  the  accumulation  of  any  pressure  in  either  of  tl 
tions  of  the  separator. 

Air  Compressor  Types. — All  up-to-date  repair  shops,  e 


TankGase 


Atf^f^^f         mucx 


FlK.  43.— PorUbla  ElectricaUy  Operated  All  Comprwsor  Oi 

if  they  are  an  adjunct  to  a  garage,  or  if  thoy  cater  to  til 
work,  have  some  power-driven  source  of  compressed  air,  A 
air  has  many  uses  besides  that  of  tilling  pneumatic  tires,  i 
be  used  for  blowing  out  loose  carbon  particles  from  the  coi 
chamber  or  light  chips  and  steel  fragments  from  gear  boxe; 
axle  housings.  The  air  blast  may  also  be  used  tor  cooliuj 
stfel  gradually  when  annealing  it  and  can  also  be  emph 
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pipe  joints,  fuel  containers,  etc.  The  illustration  at  Fig.  43 
.  portable,  electrically  driven  power  pump  suitable  for  public 
ate  garas^s  and  repair  shops.  It  is  simple  and  compact  in 
iction  and  as  it  is  mounted  on  a  wheeled  base  it  can  be  easily 
around  the  building  or  outside  to  the  curb.  A  tank,  12  inches 
nd  6  inches  in  diameter,  into  which  the  pump  discharges, 
its  condensation  and  oil  from  entering  and  injuring  the  tire. 


'«/iirfn«CK««)r  ^^^' 
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Tig.  M. — CfonTsatloaal  Fonu  of  Air  CompTeason. 

i  laid  that  the  pumping  action  is  very  rapid,  as  a  35  x  4  inch 
ean  be  pumped  from  flat  to  70  pounds  pressure  in  one  and  oue- 
'minotes.  The  motor  is  a  Westinghouse,  one  and  a  quarter  horse- 
cr  capacity,  designed  to  operate  from  the  lighting  circuit  and 
■  be  secured  in  any  of  the  voltages  commonly  used. 
I  group  of  air  compressors  of  different  designs  is  shown  at  ¥"1^. 
That  at  A.  is  a  powerful,  hand  operated  double  pump  su\ta\)Ve 
^a^  gmr»ges  and  repair  shops  not  provided  with  meehamcal 
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power.  It  is  operated  through  a  lever  which  is  sufficiently 
it  can  be  worked  by  one  or  two  men  standii^  upright.  T! 
at  B  is  a  substantial  power-driven  compressor  of  lai^e  * 
having  an  oscillating  cylinder.  This  type  is  used  only  i 
repair  shops  where  it  is  necessary  to  use  a  lai^  air  tank  whi 


Fig.  46. — Sectional  View  Sbowiag  Bale  Curb  Box  InataUed  wltl 
matlc  Air  Compressor  and  Storage  Tank. 


be  constantly  filled.  The  air  pump  at  C,  has  a  vertical  ( 
and  is  driven  from  an  electric  motor  by  means  of  a  spur  pi 
the  armature  shaft  which  meshes  with  a  large  gear  on  th 
crankshaft.  This  is  attached  to  a  substantial  iron  base 
intended  to  be  bolted  to  the  floor.  A  small  portable  powe 
lor  ase  on  the  bench  is  shown  at  Fig.  AA,  D-    This  also  it 
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an  electric  motor,  the  power  being  transmitted  from  the  arraa- 
e  by  belt  connection  to  the  rim  of  a  large  flywheel-pulley  attached 
the  crank  disc  of  the  pump.  The  outfit  at  E  is  similar  in  opera- 
D  to  that  shown  at  C,  except  that  a  two  cylinder  air  compressor 
used.  This  is  practically  the  same  in  general  construction  as 
&  other  forms  illustrated,  except  that  the  use  of  two  cylinders 
ikes  for  a  more  steady  flow  of  air. 

A  complete  air  compressor  outfit  provided  with  automatic  regu- 
ting  means  and  an  apparatus  to  distribute  air  at  the  curb  is  shown 
;  Pig.  45.  This  enables  automobile  owners  to  secure  a  supply  of 
ir  without  having  to  drive  the  car  into  the  garage  or  dragging 
portable  air  compressor  outfit  across  the  sidewalks.  The  accom- 
anying  diagram  clearly  shows  the  arrangement  of  this  outfit.  A 
ink  is  buried  in  the  ground  and  this  connects  with  the  compressor 
otfit  located  in  the  basement.  The  lid  of  the  curb  box  is  flush 
nth  the  sidewalk  and  in  a  few  inches  from  the  curb.  The  user 
ftises  the  lid,  takes  out  the  hose  and  when  the  operation  of  tire 
Bflation  is  complete,  the  hose  returns  to  the  box  automatically 
Jhen  it  is  released.  The  air  compressor  installation  consists  of  a 
wervoir  or  tank  in  the  basement,  an  air  compressor  driven  by  an 
^tric  motor  and  a  control  panel.  When  the  air  pressure  in  the 
liDk  reaches  a  certain  predeterpained  amount,  an  automatic  switch 
^aks  the  circuit  and  the  motor  ceases  to  drive  tlie  pump.  As 
in  as  the  pressure  falls  below  the  minimum  allowal)]e,  the  auto- 
itic  switch  again  functions  to  close  the  circuit  and  start  tlie  pump 
In  addition  to  the  pipe  leading  to  the  curb  box  a  branch 
may  be  run  to  the  garage  interior  and  to  the  repair  shop  as 


Uqnid  Fuel  Storage. — The  problem  of  liquid  fuel  storage  is 
important  one  for  garages  or  repair  shops,  especially  in  cities 
»re  the  municipal  regulations  pertaining  to  the  storage  of  vola- 
hydroearbons  are  severe.  If  the  fuel  is  to  be  used  only 
shop  purposes,  either  of  the  fuel  storage  systems  shown  at 
f.  46,  A  and  B,  will  prove  practical.  That  at  A  is  the  hy- 
83rstem  in  which  the  gasoline  stored  in  an  underground 
it  forced  out  by  diaplacement,  water  flowing  into  t\\e  \.auY 
tAe  city  main.     The  outSt  at  B  also  includes  an  undeT 
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Tig.  46. — Metbodi  of  Uqnld  Fu«l  Storage  Suitable  for  B«palr  Sb 
Oaiagea. 

ground  tank  wliich  is  placed  outside  of  the  walls  of  tli 
in^,  but  the  gasoline  is  drawn  from  the  tank  by  a 
pump.  'Where  gasoline  is  sold  to  passing  motorists  two  a[ 
that  will  promote  quick  ser\'ice  are  shown  at  Fig.  46,  C, 
That  at  C,  is  a  box  designed  to  be  placed  outside  of  the  g 
repair  shop  near  the  door  or  driveway  so  that  cars  do  not 
ran  into  the  garage  to  be  filled.     This  serves  merely  to 
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niring  pump  drawing  fuel  from  an  underground  tank  and 
hich  will  extend  from  the  pump  to  the  fuel  container  of- 
r.  The  outfit  shown  at  D,  consists  of  a  rectangular  tank 
"d  on  wheels  and  having  the  usual  form  of  measuring  pump, 
ink  will  bold  several  barrels  of  fuel,  can  be  moved  easily 


r.— Outlining  Two  FractlcU  Uathods  at  B&islng  Liquid  Fu«l  t 
UndargTDiind  Tanks. 


Iac<-  to  place  and  the  racaanring  pump  insures  thiit  the  liquid 
dispf-nscd  in  proper  quantities  and  without  wjisli'. 
principle  of  action  of  the  hydraulic  fuel  supply  sy.steni  is 

at  Fig.  47,  A.     The  various  parts  eomprisiiif;  the  iissembly 

irly  outlined.    AVhen  it  is  desired  to  draw  out  gasolinr  it  is 
necessary  to  open  the  water  control  valve  wliiili  iicriiiits 

0  flow  into  the  tank  to  displace  the  fud.    At  Kig,  47,  li,  U\« 
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usual  form  of  automatic  measuring  pump  is  shown.  This  ia 
'  vided  with  a  series  of  stops,  so  quantities  varying  from  one  pi 
one  gallon  may  be  pumped  by  Umiting  the  stroke  of  the  p 
A  two-way  discharge  is  provided,  one  for  filling  cans,  the  othe 
attaching  a  supply  hose  to  reach  to  the  car  tank.    A  meter  ia 
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Fig.   48. — Showing  Forga  Equlpmem  SultkUe  for  Automoblla  Bi 
Shops. 


that  will  indicate  every  gallon  pumped.  The  pump  plnn^ 
actuated  by  a  spur  rack  which  is  operated  by  a  pinion  tt 
by  a  hand  crank.  But  little  force  is  needed  to  operate  this  ] 
owing  to  the  lai^  leverage  provided  by  the  hand  crank  ani 
emaH  pitch  radius  of  the  pinion. 
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ilete  Forge  Equipment  Desirable. — Quite  a  number  of  re- 
s  involve  blac^mithing  or  brazin§c  processes  and  two  dis- 
■ges  shonid  be  installed.  The  usual  equipment  is  a  steel 
f  medium  size,  with  a  jiower-driven  rotary  blower, 
led  for  forging  and  welding.  For  brazing,  melting  bab- 
al,  liardening  and  tempering,  annealing,  and  heating  sol- 
rons  a  gas  forge  should  be  used,  this  taking  its  air  from 


ItUng  Outfit  of  Value  1 
Equipment. 
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of  the  air  compressor  outfit,  and  its  pas  fi-om  tlie  city  or 
ins.  In  tJie  smaller  towns  and  villages  the  portable  gasoline 
forge  can  be  used  to  advaiitnge,  providing  tliat  coal  or 
K  is  not  available.  In  the  accompanying  illustration.  Fig. 
iijtle  and  practicfll  fni^e  outfit  is  shown,  this  iucluding 

and  coal  burning  types.  Between  the  coal  and  gas  foi^c, 
leneli  is  usually  erected,  this  having  a  strong  vist  and  a 
iwer.  Tills  bench  can  be  u.sed  in  Imtli  br!i:fing  and  solder- 
rsscs.  and  tlie  drawer  can  bo  divided  into  two  e<inipartments, 
iild  the  blacksmith  tools,  the  other  the  soldering  irons  and 
tal  tools.  Tie  vhe  is  handy  to  lite  u  orkiiian  at  eitl\er  torge. 
/a/i,g-  equipment  is  simple,  a  Bwdhim  sized  anvil,  \\ea\y 
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and  medium  sledge  hammers,  three  or  four  forge  hammers, 
for  holding  round,  flat  and  irregular  work,  cutting  off  to 
''hardies''  for  both  cold  and  hot  cutting  and  the  flattinj 
swaging  tools  with  handles  of  conventional  patterns. 

The  gas  forge  shown  is  made  of  standard  pipe  and  fil 
the  table  is  a  framework  of  iron  pipe,  across  the  top  of 
a  piece  of  sheet  steel  serves  to  support  ordinary  firebrick  a; 
which  the  flame  may  be  directed.  A  small  hand  torch  is  pro 
this  for  use  on  the  smaller  brazing  or  soldering  jobs.  The  m 
ladles  can  be  placed  over  either  coal  or  gas  flame,  and  either 
vdll  melt  the  anti-friction  metals  used  in  lining  bearing  bo 

The  parts  of  a  blacksmith's  equipment  for  repair  wori 
may  be  purchased  as  a  complete  outfit  for  around  $50.00  are  i 
at  Fig.  49.  While  two  or  three  of  the  tools  are  intended  for* 
horseshoeing  they  can  be  eiAployed  to  equally  good  advanti 
the  automobile  repair  shop.  These  consist  of  the  farrier's 
mer,  knife  and  pincers.  The  remaining  tools  will  be  found 
able  for  use  in  general  metal  work.  A  post  drill  is  pre 
which  is  a  very  practical  tool  for  shops  not  provided  with  j 
An  outfit  of  drills  in  standard  sizes  is  usually  supplied  witi 
tool.  The  forge  is  light  and  compact  and  a  hand-operated  I 
is  utilized  to  furnish  the  blast.  A  post  vise,  medium  size 
hand  sledge  and  various  small  tools  complete  this  set.  In  a 
already  furnished  with  various  machine  tools  the  only  parts  < 
outfit  needed  would  be  the  forge,  anvil  and  post  vise.  Tong 
be  made  as  needed  to  best  suit  the  requirements  of  the  wo 
hand. 

In  large  repair  shops,  where  considerable  tool  dressing  is 
and  where  it  is  necessary  to  heat-treat  various  parts,  the  el 
furnace  shown  at  Fig.  50  will  prove  a  good  investment, 
amount  of  heat  may  be  regulated  within  close  limits  and 
ciently  high  temperatures  may  be  obtained  for  hardening, 
burizing  or  annealing  any  pieces  within  the  range  of  the  fui 
While  it  is  not  expected  that  a  furnace  of  this  type  will  be 
in  the  small  or  medium  size  shops,  there  is  sufficient  work  i 
large  establishments  or  service  stations  to  warrant  the  install 
of  a  furnace  of  this  nature,  if  electric  current  is  available,  < 
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>r  oil-burning  type  where  it  is  not  convenieot  to 
\y  heated  {o,nn.  The  almoflt  aniverBal  ose  of  high 
in  the  constroction  of  antomobiles  makes  it  neces- 
lirman  to  have  some  knowledge  of  heat  treatment 
■ecial  steels.    They  cannot  be  machiDed  tinleas  an- 


rtrlcaUy  BMtod  Fninace  for  Haat  TreaUng  StMl. 

if  but  little  more  value  than  ordinary  machinery 
y  are  not  properly  heat-trcatfd  to  bring  out  the 
risties  desired  after  fabrication.  A  review  of  the 
.ting  proceBSes,  especially  those  ncodi'd  for  the 
«ls  used  in  automobile  construction,  will  be  found 
aling  with  miscellaneous  processes.  ^ 


CHAPTER  II. 

SMALL  TOOL  EQUIPMENT  FOR  REPAIR  SHOPS 

Tools  for  Adjusting  and  Erecting — Drilling  Machines — Machine  Aea 

— Measuring  Tools — Lathe  Accessories  and  Lathe  Tools — MiscellanMiri 
Tools — Special  Tools  to  Facilitate  Repair  Work — Wheel  and  Gear  Pulkr 
— ^List  of  Tools  and  Supplies  for  Typical  Shop. 
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There  are  so  many  small  items  of  equipment  entering  iit 
the  outfit  necessary  to  carry  on  repair  work  economically  and  dP 
ciently,  and  so  many  supplies  are  needed  that  it  is  difficult  to  dh 
tinguish  between  the  tools  used  only  on  the  car  and  others  wfaUl 
serve  a  general  purpose  about  the  garage  or  repair  shop.  In 
previous  chapter  the  various  forms  of  machine  tools  that 
place  in  the  machine  room  equipment  have  been  described, 
this  chapter  endeavor  will  be  made  to  confine  the  discussion 
the  smaller  tools  used  in  assembling  and  dismantling  autom< 
as  well  as  in  making  the  necessary  adjustments  to  the  various 
chine  parts. 

Machine  tools  in  themselves  are  of  little  value  without  ^an 
quate  supply  of  smaller  tools  to  be  used  in  connection  with 
For  example,  a  lathe  could  not  be  employed  to  advantage  wii 
a  complete  set  of  accessories  and  cutting  tools,  while  a  d 
chine  would  be  valueless  if  not  supplied  with  proper  chncki 
drills  for  making  the  holes.    AVe  will  first  consider  the  small 
equipment,  such  as  would  be  used  by  automobilists  or  repai 
making  the  everyday  adjustments  on  the  car,  then  the  tools 
are  of  special  value  to  the  machinist  and  lastly  those 
pliances  which  facilitate  repair  work  and  which  usually 
made  cheaper  than  they  can  be  purchased. . 

Tools  for  Adjusting  and  Erecting. — A  very  complete 
smaJi  tools,  some  of  which  are  furnished  as  part  of  the  tool 
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wml  of  various  cars  are  shown  in  group  at  Fig.  51.  This  group 
nelades  all  of  the  tools  necessary  to  complete  a  very  practical 
it  and  it  is  not  unusual  for  the  floor  man  who  is  continually  dis- 
nantling  and  erecting  ears  to  possess  even  a  larger  assortment  than 
indicated.  The  small  bench  vise  provided  is  a  useful  auxiliary  that 
etn  be  clamped  to  the  running  board  of  the  car  and  should  have 
jiws  at  least  three  inches  wide  and  capable  of  opening  four  or 
|ve  inches.  It  is  especially  useful  in  that  it  will  save  trips  to  the 
bench  vises  and  can  also  be  carried  as  part  of  the  tool  equipment 
fcy  the  motorist  to  advantage,  as  it  has  adequate  capacity  to  handle 
Mmctically  any  of  the  small  pails  that  need  to  be  worked  on  when 
huking  repairs.  A  blow  torch,  tinner's  snips  and  soldering  copper 
pre  very  useful  in  slieet  metal  work  and  in  making  any  repairs 
Quiring  the  use  of  solder.  The  torch  can  be  used  in  any  operation 
ktquiring  a  source  of  heat.  The  large  box  wrencli  shown  under  the 
Wae  is  usf d  for  removing  the  wheel  hub  cap  and  sometimes  has  one 
end  of  the  proper  size  to  fit  the  valve  chamber  cap.  The  piston  ring 
fcwnovers  are  easily  made  from  thin  strips  of  sheet  metal  securely 
|braze<l  or  soldered  to  a  light  wire  handle.  These  are  used  in  sets 
of  three  for  removing  and  applying  piston  rings  in  a  manner  to 
he  indicated  in  the  next  chapter.  The  uses  of  the  wrenches,  screw 
jtevers,  and  pliers  shown  are  known  to  all  and  the  variety  outlined 
lAonld  be  sufficient  for  all  ordinary  work  of  restoration.  The  wrench 
[uipment  is  very  complete  including  a  set  of  open  end  S-wrenches 
fit  all  standard  bolts,  a  spanner  wrench,  socket  or  box  wrenches 
►r  bolts  that  are  inaccessible  with  the  ordinary  type,  adjustable 
wrenches,  a  thin  monkey  wrench  of  medium  size,  a  bicycle 
?nch  for  handling  small  nuts  and  bolts,  a  Stillson  wrench  for 
ipe  and  a  large  adjustable  monkey  wrench  for  the  stubborn  fasten- 
of  large  size. 
Three  different  types  of  pliers  are  shown,  one  being  a  parallel 
m  type  with  size  cutting  attachment,  while  the  other  illustrated 
it  is  a  combination  parallel  jaw  type  adapted  for  use  on  round 
as  well  as  in  handling  flat  stock.  The  most  popular  form 
pliers  is  the  combination  pattern  shown  beneath  the  socket 
set.  This  is  made  of  substantial  drop  forgings  having  a 
joint  that  can  be  set  so  that  a  very  wide  opening  at  the 
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jawB  is  possible.    These  can  be  used  on  round  work  and  for 
cutting  as  well  as  for  handling  flat  work. 

A  very  complete  set  of  files,  including  square,  half 


Fig.  52. — ^FomiB  of  Hammen  Suitable  for  the  Automoliile 

Tool  Kit. 


mill,  fiat  bastard,  three-cornered  and  rat  tail  are  also  n 
A  hacksaw  frame  and  a  number  of  saws,  some  with  fine 
tubing  and  others  with  coarser  teeth  for  bar  or  solid  stock 
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mnd  almost  indispensable.  A  complete  punch  and  chisel  set 
Id  be  provided,  samples  of  which  are  shown  in  the  -group 
e  the  complete  outfit  is  outlined  in  another  illustration.  A 
ber  of  different  forms  and  sizes  of  chisels  are  necessary,  as  one 

is  not  suitable  for  all  classes  of  work.  The  adjustable  end 
lehes  can  be  used  in  many  places  where  a  monkey  wrench, 
lot  be  fitted  and  where  it  will  be  difficult  to  use  a  wrench, 
ng  a  fijxed  opening.  The  Stillson  pipe  wrench  is  useful  in 
ing  studs,  round  rods,  and  pipes  that  cannot  be  turned  by 
other  means.  A  complete  shop  kit  must  necessarily  include 
ous  sizes  of  Stillson  and  monkey  wrenches,  as  no  one  size  can 
xpected  to  handle  the  wide  range  of  work  the  repairman  must 
\  with-  Three  sizes  of  each  form  of  wrench  can  be  used,  one,  a 
ch,  is  as  small  as  is  needed  while  a  12  inch  tool  will  handle 
3Bt  any  piece  of  pipe  or  nut  used  in  a  motor  car.  For  large 
k  a  16  inch  or  18  inch  Stillson  will  be  found  of  value, 
rwo  or  three  sizes  of  hammers  should  be  provided,  according 
idividual  requirement,  these  being  small  riveting,  medium  and 
ryweight  machinist  *s  hammers.  A  very  practical  tool  of  this  na- 
f  for  the  repair  shop  is  shown  at  Fig.  52,  A,  as  it  can  be  used 
I  hammer,  screw  driver  or  tire  iron.  It  is  known  as  the 
lartan"  hammer  and  is  a  tool  steel  drop  forging  in  on^  piece 
ing  the  working  surfaces  properly  hardened  and  tempered  while 
metal  is  distributed  so  as  to  give  a  good  balance  to  the  head 
a  eomfortable  grip  to  the  handle.  The  hammer  head  provides  a 
itive  and  comfortable  T-handle  when  the  tool  is  used  as  a  screw 
rer  or  tire  iron.  Machinist's  hammers  are  provided  with  three 
es  of  heads,  these  being  of  various  weights.  That  at  B,  is  the 
n  most  commonly  used  and  is  termed  the  **ball  pein''  on  sc- 
at of  the  shape  of  the  portion  used  for  riveting.  The  straight 
1  shown  at  G,  is  just  the  same  as  the  cross  pein  shown  at  D, 
q>t  that  in  the  latter  the  straight  portion  is  at  right  angles  to 

hammer  handle,  while  in  the  former  it  is  parallel  to  that 
aber. 

A  self-adjusting  monkey  wrench  which  is  known  as  the  **  speed 
f'  is  shown  at  Fig.  52,  E.  The  act  of  pulling  on  the  handle 
liens  the  wrench  on  the  nut  by  means  oi  a  rack  which  is  f  ormed 
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integral  with  the  movable  jaw  and  a  portion  of  a  pinion  mesih 
with  it  at  the  end  of  the  handle.  Pulling  on  the  handle  tight 
the  wrench  on  the  nut  and  the  harder  one  pulls,  the  more  secur 
the  nut  is  gripped.  As  moving  the  handle  in  the  opposite  direct 
spreads  the  jaws  apart,  a  sort  of  a  ratchet  action  is  possible  if  i 


Fig.  53. — ^Wrenches  are  Offered  in  Many  Forms. 


handle  is  alternately  pulled  and  pushed,  rendering  it  unnecestt 
to  take  the  wrench  oflf  and  secure  a  new  hold  on  the  nut  or  b 
head  for  each  turn.  The  wrench  is  composed  of  only  three  pii 
and  the  smallest  size  will  fit  nuts  varying  from  l^-inch  to  ^-ifl 
In  order  to  unscrew  a  nut  it  is  necessary  to  turn  the  wrench  o> 
so  the  handle  will  be  pulled  in  the  opposite  direction  to  that  Q 
in  screwing  the  nut  down.  This  insures  a  secure  grip  in  eiti 
case  and  permits  of  a  ratchet  motion  without  setting  any  trip 
pawl.  The  hacksaw  frame  shown  at  Fig.  51,  is  a  solid  type  adapl 
only  to  take  one  length  of  blade.  As  hacksaw  blades  are  madB 
varying  lengths  it  may  be  possible  that  a  longer  one  than  that  fri 
was  made  for  would  be  the  only  thing  available.  In  such  a  t 
the  adjustable  hacksaw  frame  shown  at  Fig.  52,  F,  would  pen 
of  using  a  longer  saw  blade  by  merely  extending  the  frame 
far  as  is  necessary. 
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Wrenches  have  been  made  in  infinite  variety  and  there  are  a 
or  more  patterns  of  different  types  of  adjustable  socket  and 
B«et  wrenches.  The  various  wrench  types  that  differ  from  the 
■ore  conventional  monkey  wrenches  or  those  of  the  Stiilson  pattern 
R  shown  at  Fig.  53.  The  ** perfect  handle"  is  a  drop  forged 
ipen  end  form  provided  with  a  wooden  handle  similar  to  that  used 
m  a  monkey  wrench  in  order  to  provide  a  better  grip  for  the 
hud.  The  ** Saxon"  wrench  is  a  double  alligator  form,  so  called 
hteaose  the  jaws  are  in  the  form  of  a  V-groove  having  one  size 
tf  the  V  plain,  while  the  other  is  serrated  in  order  to  secure  a  tight 
trip  on  round  objects.  In  the  form  shown,  two  jaws  of  varying 
^ses  are  provided,  one  for  large  work,  the  other  to  handle  the 
toaDer  rods.  One  of  the  novel  features  in  connection  with  this 
LlRench  is  the  provision  of  a  triple  die  block  in  the  centre  of  the 
^kndle  which  is  provided  with  three  most  commonly  used  of  the 
Standard  threads  including  5/16-inch-18,  %-inch-16,  and  lA-inch- 
^  This  is  useful  in  cleaning  up  burred  threads  on  bolts  before 
fBey  are  replaced,  as  burring  is  unavoidable  if  it  has  been  neces- 
pwy  to  drive  them  out  with  a  hammer.  The  ** Lakeside"  wrench 
ns  an  adjustable  pawl  engaging  with  one  of  a  series  of  notches 
S^  which  the  opening  may  be  held  in  any  desired  position. 

Ever  since  the  socket  wrench  was  invented  it  lias  been  a  popu- 
form  because  it  can  be  used  in  many  places  where  the  ordinary 
end  or  monkey  wrench  caijnot  be  applied  owing  to  lack  of 
for  tlie  head  of  the  wrench.    A  typical  set  which  has  been 
le  to  fit  in  a  very  small  space  is  shown  at  D.    It  consists  of  a 
ie,  which  is  nickel  plated  and  highly  polislied,  a  long  extension 
',  a  universal  joint  and  a  number  of  case  hardened  cold  drawn 
sockets  to  fit  all  commonly  used  standard  nuts  and  bolt  heads. 
screw  driver  bits,  one  small  and  the  other  large  to  fit  the 
ie  and  a  long  socket  to  fit  spark  plugs  are  also  included  in 
outfit.    The  universal  joint  permits  one  to  remove  nuts  in  a 
ion  that  would  be  inaccessible  to  any  other  form  of  wrench, 
H  enables  the  socket  to  be  turned  even  if  the  handle  is  at  one 

of  an  intervening  obstruction. 
The  "Pick-up"  wrench  shown  at  E,  is  used  for  spark  plugs 
the  upper  end  of  the  socket  is  provided  with  a  series  of  grooves 
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into  which  a  suitable  blade  carried  by  the  handle  can  be  droppi 
The  handle  is  pivoted  to  the  top  of  the  socket  in  such  a  way  th 
the  blades  may  be  picked  up  out  of  the  grooves  by  lifting  on  t 
end  of  the  handle  and  dropped  in  again  when  the  handle  is  swn 
around  to  the  proper  point  to  get  another  hold  on  the  socket.  T! 
** Miller"  wrench  shown  at  F,  is  a  combination  socket  and  opi 
«nd  type,  made  especially  for  use  with  spark  plugs.  Both  H 
open  end  and  the  socket  are  the  same  size  and  either  may  I 
used  as  is  the  most  convenient.  The  ** Handy"  set  shown  at  Q,  ea 
sists  of  a  number  of  thin  stamped  wrenches  of  steel  held  togefb 
in  a  group  by  a  simple  clamp  fitting,  which  enables  either  end  \ 
any  one  of  the  four  double  wrenches  to  be  brought  into  play  l 
cording  to  the  size  of  the  nut  to  be  turned.  Tlie  **Cronk"  wren 
shown  at  II,  is  a  simple  stamping  having  an  alligator  opening  J 
one  end  and  a  stepped  opening  capable  of  handling  four  differa 
sizes  of  standard  nuts  or  bolt  heads  at  the  other.  Such  wrendj 
are  very  cheap  and  are  worth  many  times  their  small  cost,  especial 
for  fitting  nuts  where  there  is  not  sufficient  room  to  admit  fl 
more  conventional  pattern.  The  **Starrett"  wrench  set,  which 
shown  at  I,  consists  of  a  ratchet  handle  together  with  an  ext 
bar  and  universal  joint,  a  spark  plug  socket,  a  drilling  attac 
which  takes  standard  square  shank  drills  from  i/^-inch  to  ^: 
in  diameter,  a  double  ended  screw  driver  bit  and  several  a 
ments  to  go  with  the  drilling  attachment.  Twenty-eight 
cold  drawn  steel  sockets  similar  in  design  to  those  shown  at  D, 
fit  all  standard  sizes  of  square  and  hexagonal  headed  nuts  are 
included.  The  reversible  ratchet  handle,  which  may  be  sli; 
over  the  extension  bar  or  the  universal  joint  and  which  is 
adapted  to  take  the  squared  end  of  any  one  of  the  sockets  i 
ceptionally  useful  in  permitting,  as  it  does,  the  instant  release 
pressure  wlien  it  is  desired  to  swing  the  handle  back  to  get  an< 
hold  on  the  nut.  The  socket  wrench  sets  are  usually  supplied 
hard  wood  cases  or  in  leather  bags  so  that  they  may  be  kept  t 
and  protected  against  loss  or  damage.  With  a  properly 
socket  wrench  set,  either  of  the  ratchet  handle  or  T-handle 
any  nut  on  the  car  may  be  reached  and  end  wrenches  will  not 
necessary. 
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ion  has  been  previously  made  of  the  importance  of  provid- 
mplete  set  of  files  and  suitable  handles.  These  should  be 
OS  grades  or  degrees  of  fineness  and  three  of  each  kind 
e  provided.    In  the  fiat  and  half  round  files  three  grades 


2? 


f/zr 


Tig.  Si. — ^Ulnatiating  Vse  and  Care  ot  Piles. 
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are  necessary,  one  with  coarse  teeth  for  roughing,  and  others  ' 
medium  and  fine  teeth  for  the  finishing  cuts.  The  round  or 
tail  file  is  necessary  in  filing  out  small  holes,  the  half  round 
finishing  the  interior  of  large  ones.  Half  round  files  are 
well  adapted  for  finishing  surfaces  of  peculiar  contour,  such  as 
inside  of  bearing  boxes,  connecting  rod  and  main  bearing  caps. 
Square  files  are  useful  in  finishing  keyways  or  cleaning  out  bu: 
splines,  while  the  triangular  section  or  three-cornered  file  i 
value  in  cleaning  out  burred  threads  and  sharp  comers.  Plat 
are  used  on  all  plane  surfaces. 

The  file  brush  shown  at  54,  A,  consists  of  a  large  number  of ' 
bristles  attached  to  a  substantial  wood  back  having  a  handl 
convenient  form  so  that  the  bf-istles  may  be  drawn  through 
interstices  between  the  teeth  of  the  file  to  remove  dirt  and  gw 
If  the  teeth  are  filled  with  pieces  of  soft  metal,  such  as  solde 
babbitt,  it  may  be  necessary  to  remove  this  accumulation  wil 
piece  of  sheet  metal  as  indicated  at  Fig.  54,  B.  The  metha 
holding  a  file  for  working  on  plain  surfaces  when  it  is  fitted  i 
the  regular  form  of  wooden  handle  is  shown  at  C,  while  two  tj 
of  handles  enabling  the  mechanic  to  use  the  fiat  file  on  plain 
faces  of  such  size  that  the  handle  type  indicated  at  C,  could 
be  used  on  account  of  interfering  with  the  surface  finished 
shown  at  D.  The  method  of  using  a  file  when  surfaces  are  finii 
by  draw  filing  is  shown  at  E.  This  differs  from  the  usual  met 
of  filing  and  is  only  used  when  surfaces  are  to  be  polished  and  ^ 
little  metal  removed. 

One  of  the  most  widely  used  of  the  locking  means  to  pre 
nuts  or  bolts  from  becoming  loose  is  the  simple  split  pin,  somet 
called  a  **  cotter  pin.^*    These  can  be  handled  very  easily  if  the 
cial  pliers  shown  at  Fig.  55,  A,  are  used.    These  have  a  curved 
that  permits  of  grasping  the  pin  firmly  and  inserting  it  in  the 
ready  to  receive  it.    It  is  not  easy  to  insert  these  split  pins  by  o 
means  because  the  ends  are  usually  spread  out  and  it  is  han 
enter  the  pin  in  the  hole.    With  the  cotter  pin  pliers  the  ends 
be  brought  close  together  and  as  the  plier  jaws  are  small  the 
may  be  easily  pushed  in  place.     Another  use  of  this  plier, 
jndjcated,  is  to  bend  over  the  ends  of  the  split  pin  in  orde 
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:  it  from  fnllin^  out.  To  romovc  these  pins  a  simple  curved 
:s  shown  at  Fig.  55,  B,  is  used.  Tliia  has  one  end  tapering 
»int  and  is  intended  to  be  inserted  in  tlie  eye  of  the  eottcr 
e  purc^hase  offered  by  the  handle  permitting  of  rcadj'  re- 


af  the  pin  after  the  ends  have  been  closed  by  the  cotter  pin 


omplete  chisel  set  suitable  for  repair  shop  use  is  also  shown 
55.  The  type  at  C,  is  known  as  a  "wipe"  chisel  and  has 
)w  cutting  point  and  is  intended  to  cliip  keyways,  remove 
lUt  of  eorners  and  for  all  other  work  where  the  liroad  cut- 
g»?  ehiscl,  shown  at  D,  cannot  be  used.     The  form  with  t\ve 
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wide  cutting  edge  is  used  in  chipping,  cutting  sheet  metal,  d 
At  E,  a  round  nuse  cliiscl  used  in  making  oil  wsys  is  outlined,  wh: 
&  similar  tool  lia^iiig  a  pointed  cutting  edge  and  often  used  for  t 
same  purpose  is  sliown  at  F.  Tlie  centre  punch  depicted  at  0, 
very  useful  for  marking  parts  either  for  identification  or  for  dri 
ing.  In  addition  to  tlie  chisels  shown,  a  number  of  soiid  puneb 
or  drifts  resembling  very  niucli  that  shown  at  £,  except  that  tl 
point  is  blunt  should  be  provided  to  drive  out  taper  pins,  bolt 
rivets,  and  otlier  fasteniugs  of  this  nature.     These  should  be  pK 


Fig.  66. — Special  Flien  for  Use  in  Eepalrlag  Weed  Tire  Chaliu.    I 


vided  in  tlie  eommon  sizes,  A  enmp]«t*'  set  of  real  value  would  itfl 
at  J „-ineli  jnid  iiiiTi-asc  hy  incn'meuts  of  l/;{2-ineh  up  to  l^-ind 
A  simple  Kjirint:  windt-r  i.s  t<liiiwn  at  Fi^:.  55,  H,  this  making  i 
powible  for  Ihe  rt'piiirniiin  to  wind  coil  springs,  either  on  the  lafl 
or  in  till'  vise.  It  will  liiiudli-  a  inimber  of  diflVrent  sizes  of  wireH 
(■an  bf  si't  lo  spHoe  (lie  i-nils  a.s  di-sircil.  ? 

Anti-skid  eliains  funii  an  important  iti'm  in  the  equipment  < 
the  car  and  as  they  are  subject  to  wear  it  is  desirable  to  replace  4 
worn  emus  ehtiiii.s  with  iww  nuis  from  time  to  time,  as  some  of  tbri 
war  nut  ijuickcr  thuu  others.  A  special  pair  of  pliers  liB*i| 
oyei'hijip'iitg  I'lids  as  shown  at  Fig.  5ri,  is  intended  to  assist  is  l^ 
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pplying  the  cross  chains.  In  order  to  remove  the 
ked  link  at  each  end  is  spread  npart  by  the  wedgii^ 
Her  jaws  which  make  it  possible  to  remove  the  cross 
le  side  links.  "When  a  cross  chain  is  to  be  applied 
k  is  placed  near  the  fulcrum  or  hinge  pin  and  the  . 
cnt  down  over  the  side  chain  l>y  conipn-sKinn  the  plier 

mobile  repairman  was  to  pn)vide  himself  with  every 


eft,  Usflfnl  Comblnatlan  Filers  HarliiB  a  Series  of  Inter- 
Heads;  at  Blgbt,  Sectional  View  Outlining  Constmction 

)  Blow  TOTClL 


that  could  be  nsed  to  advantage,  llie  investment  in 
)nld  l)c  large.  This  has  resulted  in  the  diivelopiiiciit 
angeable  tool  consisting  of  one  standard  i>nir  of 
ill  take  a  large  variety  of  pliers,  i>inci-'rs  and  shears 
f  readily  detachable  heads  which  will  fit  the  same 
rliange  is  readily  made  and  a  numlicr  »(  usi-fiil  ttiols 
•ut  re<iuiring  a  large  investment.  Samjilrs  i>f  some 
pnlar  heads  are  sliowii  at  F'i;;.  '>(>,  Ix'low  the  handle, 
a  leather  or  paper  punch  iiiiil  iiiiiy  hu  iibtiiiiu-d  a\su 


.    »  I  i»i   11    -I-  w    -----■-' 
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for  punching  metal.  B,  is  a  pincer  head  adapted  for  heavy 
The  head  at  C,  is  an  alligator  form  which  can  be  adapted  to  a 
range  of  sizes.  At  D,  a  combination  plier  head  is  outlined, 
consisting  of  flat  nose,  cutting  and  gas  pipe  pliers.  At  F,  is 
pair  of  tinner's  snip  blades  to  fit  the  handle.  The  head  L^  it 
for  working  on  Weed  tire  chains. 

The  tool  is  easily  taken  apart,  the  operation  consisting 
moving  the  wing  nut  C,  from  the  centre  bolt,  lifting  oflf  the  top 
of  the  handle  and  then  setting  any  desired  head  in  the 
each  handle  so  the  shank  of  the  head  is  flush  with  the  face 
handle.    The  square  shank  B,  on  the  bolt  is  entered  into  the 
hole  A,  in  the  top  handle.    After  the  two  parts  are 
wing  nut  C,  is  screwed  down  as  tightly  as  possible, 
which  holds  the  handles  together,  turns  in  the  lower 
cannot  fall  out.    The  object  of  this  is  to  permit  the  lower.l 
the  handle  to  turn  on  the  bolt  because  on  account  of  the 
shank  on  the  bolt  and  the  square  hole  in  the  upper  half 
handle,  the  bolt  itself  turns  with  this  half,  thereby  pi 
any  possibility  of  the  wing  nut  becoming  loose  in  operation*..] 
interchangeable  tool  is  supplied  in  a  neat  box,  having  a  pi 
the  handle  and  the  various  lieads  supplied  with  it. 

Mention  has  heofx  previously  made  of  the  utility  of  Hm^ 
line  blow  torch.  A  typical  torch  is  shown  in  section  at  Pig. 
in  order  that  the  internal  construction  may  be  readily  und< 
It  consists  of  a  main  container  of  heavy  sheet  metal  to  wl 
air  pump  is  attached  at  one  side  to  act  as  a  handle.  The 
portion  of  this  pump  communicates  with  the  interior  of  the 
by  means  of  a  bent  pipe  which  deflects  the  air  to  the  top 
fuel  receptacle.  The  upper  portion  of  the  tank  is  supplied 
burner  having  a  pipe  leading  to  the  bottom.  A  filling  plug 
serted  at  the  bottom  of  a  conical  depression  which  acta 
funnel  when  the  torch  is  inverted  for  filling.  The  function 
air  pump  is  to  force  air  into  the  tank  and  displace  the  liqi 
forcing  it  to  the  burner  where  it  is  vaporized.  The  burner 
the  Bunsen  pattern  and  gives  a  blue  flame.  The  in1 
the  flame  is  regulated  by  a  needle  valve.  In  order  to 
torch  it  28  necessary  to  fill  the  pilot  cup  under  burner  with 
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d  to  ^nite  same,  letting  it  bum  ontil  the  torch  burner 
I  sofficieotly  heated  to  vaporize  the  liquid  fueL  Three 
i  these  blow  pipes  are  shown  at  Fig.  58.  That  at  A,  has 
>  set  into  the  tank  and  a  more  powerful  burner  that  will 
vry  hot  flame  for  brazing.  The  torch  at  B,  has  a  flat  fuel 
Uad  of  the  usual  cylindrical  form  and  has  the  filler  opening 
►P  instead  of  at  the  bottom.  The  flat  torch  is  easier  to  carry 
!  ronnd  ones  because  it  occupies  less  space.    A  very  small 


— pTKcUcal  QuoUne  Blow  Torcbw  for  Antomolille  Repair  Work. 


hicfa  Deeds  no  air  pressure  is  shown  at  C  Sufficient  heat 
rize  the  fuel  and  to  start  the  torch,  may  be  obtained  by 

a  match  at  the  curved  portion  of  the  burner.  This  form 
t  produce  the  intense  heat  that  the  torches  having  internal 
■nre  do,  but  the  flame  is  of  sufficient  intensity  to  heat  a 
g  iron,  or  perform  any  of  the  work  iucideutal  to  soldering. 
Hug  Bbchines. — Drilling  machines  may  be  of  two  kinds, 
■  power  operated.  For  drilling  small  holes  in  metal  it  is 
y  to  run  the  drill  fast,  therefore  the  drill  chuck  is  usually 
bj  gearing  in  order  to  produce  high  drill  speed  without 

tile  handle  too  fast.    A  gmaU  band  drill  is  shown  at  Fi^ 
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59,  A.  As  will  1j«  observed,  tlie  clim-k  spindli-  is  driven  \iy  a  j 
bevt-l  pillion,  wliit-li  in  turn,  is  opL-nited  by  a  lartre  bevel  gear  tu 
by  a  cnink.  Tlii'  pear  ratio  is  sin-h  thiit  one  turn  of  the  hi 
■R-ill  turn  the  ehiwk  five  or  six  ri'voliitions.  A  drill  of  tliis  d 
is  not  suited  for  drills  any  lar-ier  tiian  one-cimirter  ineh.  Fo; 
Tvith  drill-j  niTitriiiK  fn>iii  one-eif-'hlb  tn  tbree-eiKbtlis,  or  even 


Fig.  59. — Forms  of  Hand  Operated  Drilling  Macblnea. 
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leh  the  hand  drill  presses  shown  at  C  and  D  are  used.  These  have 
pad  at  the  upper  end  hy  which  pressure  may  be  exerted  with  the 
heft  in  order  to  feed  the  drill  into  the  work,  and  for  this  reason 
Icy  are  termed  ** breast  drills."  The  form  at  C,  has  compound 
laring,  the  drill  chuck  being  driven  by  the  usual  form  of  bevel 
imon  in  mesh  with  a  larger  bevel  gear  at  one  end  of  a  countershaft. 
L  small  helical  spur  pinion  at  the  other  end  of  this  countershaft 
Meives  its  motion  from  a  larger  gear  turned  by  the  hand  crank. 
Sik  arrangement  of  gearing  permits  of  liigh  spindle  speed  with- 
it  the  use  of  large  gears,  as  would  be  necessary  if  but  two  were 
■ed.  The  form  at  D,  gives  two  speeds,  one  for  use  with  small 
iSDa  is  obtained  by  engaging  the  lower  bevel  pinion  with  the 
katk  spindle  and  driving  it  by  the  large  ring  gear.  The  slow  speed 
loirtained  by  shifting  the  clutch  so  that  the  top  bevel  pinion  drives 
he  drill  chuck.  As  this  meshes  with  a  gear  but  slightly  larger  in 
Emeter,  a  slow  speed  of  the  drill  chuck  is  pos8i])le.    Breast  drills 

provided  with  a  handle  screwed  into  the  side  of  the  frame, 
are  used  to  steady  the  drill  press.  For  drilling  extremely 
nge  holes  which  are  beyond  the  capacity  of  the  usual  form  of  drill 
■Oi  the  ratchet  form  shown  at  B,  may  be  used  or  the  bit  brace 
ntUned  at  E.  The  drills  used  with  either  of  these  have  sciuare 
kuka,  whereas  those  used  in  tlie  drill  presses  have  round 
NtukB.  The  bit  brace  is  also  used  widely  in  wood  work  and  the 
}fm  shown  is  pro\dded  with  a  ratchet  by  which  the  bit  cliuek  may 
fs  tamed  through  only  a  x>ortion  of  a  revolution  in  either  direction 
liUred. 

Ote  of  the  most  difficult  things  to  do  in  connection  with  in- 
tdSng  accessories  such  as  tire  irons,  license  hangers,  special 
)mp  brackets,  trunk  racks,  etc.,  is  drilling  holes  in  the  pressed 
fiid  frame  of  the  chassis,  as  the  special  aAoy  steel  used  for  this 
pBrpoae  at  the  present  time  requires  considerable  exertion  if  one 
Attempts  to  bore  the  hole  with  an  ordinary  breast  drill.  Electrically 
berated  drills  have  a  great  advantage  when  used  in  making  small 
pki  but  when  they  have  sufficient  capacity  to  take  drills  over  i^- 
pd  in  diameter  they  are  bulky  to  handle.  These  are  of  obvious 
Iffity  when  electrical  current  is  available,  but  all  shops  are  not 
W  provided  and  many  workmen  do  not  like  to  use  them  beca\iae 
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of  danger  of  shocks  through  short  circuiting,  or  the  liabi 
getting  out  of  order,  or  of  injuring  the  operator,  should  tl 
point  catch  and  the  drill  body  be  knocked  out  of  the  wor 
hand.    A  handy  tool  that  has  many  applications  is  shown 


Jh^/at/htetc 


ng.  60. — Bhowinc 


Practical  AppUcatton  of  BAtdiet  and  Ban 
DiUUmg  MacUnea. 
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k  A.  This  is  mounted  on  a  clamp  bracket,  has  a  screw  feed,  can 
131  holes  at  any  angle  and  offers  a  wide  range  of  adjustment 
i  aD  directions.  These  are  made  in  three  sizes,  one  taking  any 
nil  up  to  ^-ineh,  a  medium  size  tliat  can  be  used  up  to  1  inch  in 
'ter  and  a  larger  model  that  will  bore  holes  as  large  as  1^4 
in  diameter.  The  medium  size  tool  will  be  found  sufficiently 
to  answer  the  requirements  of  any  repair  shop.  The  chucks 
ided  will  take  either  square  shank  or  standard  taper  shank 
It  will  be  evident  that  this  fitting  can  be  easily  clamped  to 
part  of  the  frame  and  that  large  holes  may  be  drilled  with  ease 
account  of  the  leverage  provided.  A  somewhat  similar  fixture 
diown  at  Fig.  60,  B,  this  being  in  use  with  the  ratchet  drill 
at  Fig.  59,  D.  The  fixture,  which  is  known  as  the  **old 
'"  in  repair  shop  parlance  consists  of  a  vertical  post  attached 
a  slotted  base  that  can  be  clamped  in  any  desired  position  by 
or  straps.  The  ratchet  drill  has  a  hand-operated  screw  feed 
the  arm  against  which  the  pressure  of  tlie  drill  is  exerted  may 
raised,  lowered  or  swung  around  to  any  desired  position.  A 
of  this  nature  may  be  used  in  connection  with  a  wide  variety 
ratchet  heads.  The  advantage  of  the  ratcliet  arrangement  is  that 
permits  one  to  drill  holes  in  places  where  it  would  not  be  possible 
turn  a  hand  drill  as  the  lever  can  be  oscillated  through  a  small 
of  a  circle  instead  of  a  complete  revolution.  The  special  form 
drill  press  shown  at  Fig.  60,  C,  can  be  changed  over  by  a 
:Ie  trip  from  a  drilling  machine  that  will  give  a  continual  rotary 
m  to  the  chucks  to  a  form  that  will  give  only  an  oscil- 
motion  which  is  desirable  in  valve  grinding.  Another  form 
riectrically  operated  sensitive  drill  press  for  the  repairshop 
:-beneh  is  shown  at  Fig  60,  D.  This  differs  in  construction 
that  previously  described  in  Chapter  I,  only  in  the  method 
driTe  which  is  by  belt  instead  of  friction  discs. 
Minor  drilling  operations  with  an  ordinary  hand  drill  are  some- 
made  difficult  by  the  inability  of  the  operator  to  hold  the 
perfectly  straight.  The  usual  custom  is  to  allow  the  head 
drilling  tool  to  rest  against  the  chest  so  that  one  hand  may 
ved  to  get  the  brace  straight  and  the  other  to  turn  the  handle. 
I  method  requires  much  exertion,  especially  when  a  fixed  piecft 
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of  metal  is  to  be  drilled  and  there  is  always  a  possibility  of 
hole  being  too  large  or  drills  breaking,  due  to  swaying  of  the  d 
press.  A  very  simple  piece  of  apparatus  described  by  Motor  j 
is  shown  at  Fig.  61.  This  easily  made  jig  enables  the  open 
to  keep  the  drill  perfectly  straight  because  one  hand  can  be  s 
to  steady  the  drill.  The  jig  is  made  of  wood  and  of  any  i 
venient  size  to  accommodate  the  particular  drill  press  used. 


Fig.  61. — ^How  to  Um  Hftnd  DtIUb  In  Sltapla  Homflmad«  Drill  IM 


consists  of  a  block  of  wood  forming  a  base  with  two  Qjni 
rigidly  fastened  to  it  by  screws  or  bolts.  These  are  drilled  at  J 
upper  ends  to  take  a  piece  of  three-eighths  inch  steel  rod  ^ 
forms  the  fulcrum  for  the  feed  lever  which  is  held  undflr 
arm,  as  the  illustration  clearly  shows.  A  hole  is  drilled  in. 
arm  lever  to  take  the  head  of  the  drill  brace,  as  the  detail  ih 
or  if  a  breast  drill  ia  used  instead  of  the  hand  drill,  two  pi 
may  be  attached  to  keep  the  breast  drill  pad  from  tumini^ 
at  each  side  of  that  member.  A  drill  press  of  this  natnre  cM 
eaajiy  made  from  the  odds  and  ends  found  in  any  repair  ahopj 
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ially  recommended  to  the  motorist  who  likes  to  make  hiB 
ehanical  repairs.  The  work  to  be  operated  on  can  be  held 
!  by  driving  nails  at  the  side  or  a  simple  vise  to  clamp  the 
ay  be  readily  extemporized. 

Ii,  Reamers,  Taps  and  Dies. — In  addition  to  the  lai^r  ma- 
ols  and  the  simple  hand  tools  previously  described,  an  essen- 
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B  of  equipment  of  any  automobile  repair  shop,  even  in 
iere  the  ordinary  machine  tools  are  not  provided,  is  a  com- 
atfit  of  drills,  reamers,  and  threading  tools.  Drills  are 
general  classes,  the  flat  and  the  twist  drills.  The  flat 
I  an  angle  between  catting  edges  of  about  110  degrees  and 
\f  made  from  spedal  atoe/  commercially  knowa  as  drill  rod. 
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A  flat  drill  cannot  be  fed  into  the  work  ver;  fast  because 
moves  metal  by  a  scraping,  rather  than  a  cutting  process, 
twist  drill  in  its  simplest  form  is  cylindrical  throughout  ti 
tire  length  and  has  spiral  flutes  which  are  ground  off  at  U 
to  form  the  cutting  lip  and  which  also  serve  to  carry  the 
chips  out  of  the  holes.  The  simplest  form  of  twist  drill 
is  shown  at  Pig.  62,  C,  and  is  known  as  a  "chuck"  drill  b 
it  must  be  placed  in  a  suitable  chuck  to  turn  it    A  twiff 
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fig.  63.^ — Vsend  S«t  of  Nmnb«r  Drills,  StaowlnK  Stmnd  for 
In  ftn  Oid«rl7  Manner. 


removes  metal  by  cutting  and  it  is  not  necessary  to  use  a 
feed  as  the  drill  will  tend  to  feed  itself  into  the  work. 

Larger  drills  than  s^-inch  are  usually  made  with  a  ti 
shank  as  shown  at  Fig,  62,  B.  At  the  end  of  the  taper  a  tor 
formed  which  engages  with  a  suitable  opening  in  the  collet, 
piece  used  to  support  the  drill  is  called.  The  object  of  this  i 
is  to  relieve  the  tapered  portion  of  the  drill  from  the  sti 
driving  by  frtctional  contact  alone,  as  this  would  not  turn  tb 
positively  and  the  resulting  slippage  would  wear  the  sockc 
depreciation  changing  the  taper  and  making  it  unfit  for 
drills.  The  tongue  is  usually  proportioned  so  it  is  ad 
to  drive  tiie  drill  under  any  condition.    A  small  keyway  J 
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Ided  in  the  collet  into  which  a  tapering  key  of  flat  stock  may  be 
feven  against  the  end  of  the  tongue  to  drive  the  drill  from  the 
jtindle.  A  standard  taper  for  drill  shanks  generally  accepted  by 
machine  trade  is  known  as  the  Morse  and  is  a  taper  of  five- 
\tbs  of  an  inch  to  the  foot.  The  Brown  and  Sharp  form  tapers 
iths  of  an  inch  to  the  foot.  Care  must  be  taken,  therefore, 
purchasing  drills  and  collets,  to  make  sure  that  the  tapers 
Iheide,  as  no  attempt  should  be  made  to  run  a  Morse  taper  in  a 
itown  and  Sharp  collet,  or  vice  versa. 

Soaietimes  cylindrical  drills  have  straight  flutes,  as  outlined 
I  Fig.  62,  A.  Such  drills  are  used  with  soft  metals  and  are  of 
due  when  the  drill  is  to  pass  entirely  through  the  work.  The 
Sooble  with  a  drill  with  spiral  flutes  is  that  it  will  tend  to  draw 
ielf  through  as  the  cutting  lips  break  through.  This  catching 
t  the  drill  may  break  it  or  move  the  work  from  its  position. 
Rth  a  straight  flute  drill  the  cutting  action  is  practically  the 
kne  as  with  the  flat  drill  shown  at  Fig.  62,  E  and  F. 

If  a  drill  is  employed  in  boring  holes  through  close-grained, 
ID^  metals,  as  wrought  or  malleable  iron  and  steel,  the  opera- 
jon  will  be  facilitated  by  lubricating  the  drill  with  plenty  of  lard 
or  a  solution  of  soda  and  water.    Either  of  these  materials  will 
lally  remove  the  heat  caused  by  the  friction  of  the  metal 
against  the  lips  of  the  drill,  and  the  danger  of  heating 
drill  to  a  temperature  that  will  soften  it  by  drawing  the 
iper  is  minimized.    In  drilling  large  or  deep  holes  it  is  good 
ice  to  apply  the  lubricating  medium  directly  at  the   drill 
Special  drills  of  the  form  shown  at  Fig.  62,  D,  haring  a 
oil  tube  running  in  a  suitably  formed  channel,  provides 
lunication  between  the  point  of  the  drill  and  a  suitable  re- 
hole  on  a  drilled  shank.    The  oil  is  supplied  by  a  pump 
its  pressure  not  only  promotes  positive  circulation  and  re- 
of  heat,  but  also  assists  in  keeping  the  hole  free  of  chips. 
drilling  steel  or  wrought  iron,  lard  oil  applied  to  the  point  of 
drill  will  facilitate  the  drilling,  but  this  material  should  never 
with  either  brass  or  cast  iron.     Tables  will  be  found  in 
list  chapter  giving  drill  speeds  and  feeds  and  other  data 
ire  to  the  use  of  this  tool 
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The  sizes  to  be  provided  depend  upon  the  nature  of  th< 
and  the  amount  of  money  that  can  be  invested  in  drills, 
common  practice  to  provide  a  set  of  drills,  such  as  shown  at  F 
which  are  carried  in  a  suitable  metal  stand,  these  being  knc 
number  drills  on  account  of  conforming  to  the  wire  gauge 
ards.  Number  drills  do  not  usually  run  higher  than  %e  ^ 
diameter.  Beyond  this  point  drills  are  usually  sold  by  the  dia 
A  set  of  chuck  drills  ranging  from  }i  to  «)4  inch,  advanci 
y^o  i^chy  and  a  set  of  Morse  taper  shank  drills  ranging  from 
lyi  inches,  by  increments  of  Yiq  inch,  will  be  all  that  is  need 
the  most  pretentious  repair  shop,  as  it  is  cheaper  to  bore 
larger  than  1}4  inches  with  a  boring  tool  than 'it  is  to  carry  t 
ber  of  large  drills  in  stock  that  would  be  used  very  seldom,  p 
not  enough  to  justify  their  cost. 

In  grinding  drills,  care  must  be  taken  to  have  the  lips 
same  length,  so  that  they  will  form  the  same  angle  with  th 
If  one  lip  is  longer  than  the  other,  as  shown  in  the  flat  d 
Pig.  62,  E,  the  hole  will  be  larger  than  the  drill  size,  and  ; 
work  of  cutting  will  come  upon  the  longest  lip.  The  dril 
should  be  symmetrical,  as  shown  at  Fig.  62,  F. 

It  is  considered  very  difficult  to  drill  a  hole  to  ah  exact 
eter,  but  for  most  work  a  variation  of  a  few  thousandths  of  a 
is  of  no  great  moment.  Where  accuracy  is  necessary,  holes 
be  reamed  out  to  the  required  sizt*.  In  reaming,  a  hole  is  i 
about  %2  i"^'^^  smaller  than  is  required,  and  is  enlarged  with 
ting  tool  known  as  the  reamer.  Reamers  are  usually  of  the 
form  shown  at  Fig.  64,  A.  Tools  of  this  nature  are  not  de 
to  remove  considerable  amounts  of  metal,  but  are  intenc 
augment  tlie  diameter  of  the  drill  hole  by  only  a  small  fi 
of  an  inch.  Reamers  are  tapered  slightly  at  the  point  in 
that  they  will  enter  the  hole  easily,  but  the  greater  port 
the  fluted  part  is  straight,  all  cutting  edges  being  parallel, 
reamers  arc  made  in  either  tlie  straight  or  taper  forms,  that 
Fig.  64,  being  straight,  wliile  B  has  tapering  flutes.  Th< 
intended  to  be  turned  by  a  wrench  similar  to  that  empl<q 
turning  a  tap,  as  shown  at  Fig.  66,  C.  The  reamer  alio 
J^V^.  64,  C,  is  a  hand  reamer  of  the  taper  form  widely  m 
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imiths.  The  form  at  D  has  spiral  flutes  similar  to  a  twist 
and  as  it  is  provided  with  a  taper  shank  it  is  intended  to 

med  by  power  through  the  medium  of  a  suitable  collet. 

8  the  solid  reamers  must  become  reduced  in  size  when  sharp- 
Tsrious  forms  of  inserted  blade  reamers  have  been  designed. 
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■  6A^— mutntiiig  Standard  Fonns  of  Hand  and  Machine  Beamen. 

•f  these  is  shown  at  Fig.  64,  E,  and  as  the  cutting  surfaces 
■e  reduced  in  diameter  it  is  possible  to  replace  the  worn  blades 
i  others  of  proper  size.  Expanding  reamers  are  of  the  form 
k  at  Fig.  64,  F.  These  have  a  bolt  passing  through  that  fits 
I  tapering  hole  in  the  intesri^u*  of  the  split  reamer  portion  ol 
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the  tooL  If  the  hole  is  to  be  enlarged  a  few  thousandths  of 
it  is  possible  to  draw  up  on  the  nut  just  above  the  squi 
of  the  shank,  and  by  drawing  the  tapering  wedge  farther 
reamer  body,  the  cutting  portion  will  be  expanded  and 
a  larger  hole. 

Beamers  must  be  very  carefully  sharpened  or  there  i 
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tendency  toward  chattering  with  a  consequent  product! 
rough  surface.  There  are  several  methods  of  preventing  t 
tering,  one  being  to  separate  tlie  cutting  edges  by  irregula 
while  the  most  common  method,  and  that  to  be  preferre< 
chine  reamers,  is  to  use  spiral  flutes,  as  shown  at  Fig 
Special  taper  reamers  are  made  to  conform  to  the  vari<] 
pin  sizes  which  are  widely  used  in  holding  parts  togetb 
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jtatoiDobile.  A  taper  of  34c  i^ch  per  foot  is  intended  for  holes 
tabere  a  pin,  once  driven  in,  is  to  remain  in  place.  When  it  is 
■Mired  that  the  pin  be  driven  out,  the  taper  is  made  steeper, 
Imcrally  54  i^^c^  P^r  foot,  which  is  the  standard  taper 'used  on 
|q»er  pins. 

When  threads  are  to  be  cut  in  a  small  hole,  it  will  be  apparent 

it  will  be  difficult  to  perform  this  operation  economically  on 

lithe,  therefore  when  internal  threading  is  called  for,  a  simple 

iee  knowTi  as  a  **tap*'  is  used.    There  are  many  styles  of  taps, 

conforming'  to  different  standards.     Some  are  for  metric  or 

flgn  threads,  some  conform  to  the  American  standards,  while 

«  are  used  for  pipe  and  tubing.    Hand  taps  are  the  form  most 

LD  repair  shops,  these  being  outlined  at  Fig.  65,  A  and  B. 

7  are  usually  sold  in  sets  of  three,  kno>\Ti  respectively  as  taper, 

:,  and  bottoming.    The  taper  tap  is  the  one  first  put  into  the 

and  is  then  followed  by  the  plug  tap  which  cuts  the  threads 

T.     If  it  is  imperative  that  the  thread  should  be  full  size 

to  the  bottom  of  the  hole,  the  third  tap  of  the  set,  which  is 

light-sided,  is  used.    It  would  be  difficult  to  start  a  bottoming 

into  a  hole  because  it  would  be  larger  in  diameter  at  its  point 

the  hole.     The  taper  tap,  as  shown  at  A,  Fig.  65,  has  a 

ion  of  the  cutting  lands  ground  away  at  the  point  in  order 

it  will  enter  the  hole.    The  manipulation  of  a  tap  is  not  hard, 

it  does  not  need  to  be  forced  into  the  work,  as  the  thread  will 

iw  it  into  the  hole  as  the  tap  is  turned.     The  tapering  of  a 

18  done  so  that  no  one  thread  is  called  upon  to  remove  all  of 

metal,  as  for  about  half  way  up  the  length  of  the  tap  each 

thread  is  cut  a  little  larger  by  tlie  cutting  edge  until 

full  thread  enters  the  hole.     Care  must  be  taken  to  always 

a  tap  straight  in  order  to  have  the  thread  at  correct  angles 

the  surface. 

In  cutting  external  threads  on  small  rods  or  on  small  pieces, 

as  bolts  and  studs,  it  is  not  always  economical  to  do  this  work 

the  lathe,  especially  in  repair  work.     Dies  are  used  to  cut 

on  pieces  that  are  to  be  placed  in  tapi)ed  holes  that  have 

threaded  by  the  corresponding  size  of  tap.    Dies  for  small 

«  are  often  made  solid,  as  shown  at  Fig.  66,  C,  but  solid  diea 
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are  usually  limited  to  sizes  below  J^  inch.  Sometimes  the  j 
is  cylindrical  in  shape,  with  a  slot  through  one  side  which 
one  to  obtain  a  slight  degree  of  adjustment  by  squeezing  th< 
portion  together.    Large  dies,  or  the  sizes  over  ^  inch,  are 
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Fig.  66^— Showing  Holder  Designs  for  One  and  Two  Piece  Tliread 

Dies. 


made  in  two  pieces  in  order  that  the  halves  may  be  d 
or  brought  nearer  together.     The  advantage  of  this  fom 
is  that  either  of  the  two  pieces  may  be  easily  sharpened, 
it  may  be  adjusted  very  easily  the  thread  may  be  cut 
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gei.  For  example,  the  die  may  be  adjusted  to  cut  large,  which 
1  prodnce  a  shallow  thread  that  will  act  as  an  accurate  guide 
en  the  die  is  closed  up  aod  a  deeper  thread  cut. 
A  conunon  form  of  die  holder  for  an  adjustable  die  is  shown 
Fig.  B6.  A.  As  will  be  apparent,  it  consists  of  a  central  body 
rtion  having  guide  members  to  keep  the  die  pieces  from  falling 
X  and  levers  st  each  end  in  order  to  permit  the  operator  to 
art  sufficient  force  to  remove  the  metal.  The  method  of  ad- 
■ting  the  depth  of  thread  with  a  clamp  screw  when  a  two-piece 
t  is  employed  is  also  clearly  outlined.    The  diestock  shown  at  B 
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['Wed  for  the  smaller  dies  of  the  one-piece  pattern,  having  a  slot 
I  <Riler  that  they  may  be  closed  up  slightly  by  the  clamp  screw. 
k  reverse  side  of  the  diestock  shown  at  B  is  outlined  below  it, 
id  the  guide  pieces,  which  may  be  easily  moved  in  or  out,  ac- 
■ding  to  the  size  of  the  piece  to  be  threaded  by  means  of  cc- 
toically  disposed  semi-circular  (dots  in  the  adjustment  plate,  arc 
pnm.  These  movable  guide  members  have  small  pins  let  into 
i(ir  surface  which  engage  the  slots,  and  they  may  be  moved  in 
Knt,  BB  desired,  according  to  the  position  of  the  adjusting  plate. 
p  nae  of  the  guide  pieces  makes  for  accurate  positioning  or  cen- 
pig  of  the  rod  to  be  threaded.  Dies  are  usually  sold  in  sots, 
ire  commonly  famished  as  a  portion  of  &  complete  out&t 
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such  as  outlined  at  Fig.  67.  That  shown  has  two  sizes 
stock,  a  tap  wrench,  eiglit  assorted  dies,  eight  assorted  tap 
small  screw  driver  for  adjusting  the  die.  An  automobil 
shop  should  be  provided  with  three  different  sets  of  taps  a 
as  three  different  standards  for  the  holts  and  mits  are 
fastening  antomobile  components.  These  are  the  Americai: 
(used  on  foreign  cars),  and  the  S.  A.  E.  standard  threads 
of  pipe  dies  and  taps  will  also  be  found  useful. 


Fig.  OS. — Oommon  Forms  of  Inalde  and  Outside  Cidlpets. 


Measuring  Tools. — The  tool  outfit  of  the  machinist  or 
chanic  who  aspires  to  do  machine  work  must  include  a 
of  measuring  tools  which  are  not  needed  by  the  floor 
one  who  merely  assomblea  and  takes  apart  the  finished 
The  machinist  who  must  convert  raw  material  into  finish) 
ucts  requires  a  number  of  measuring  tools,  some  of  wl 
used  for  taking  only  approximate  measurements,  such  as 
and  wales,  while  others  are  intended  to  take  very  accura 
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(ts,  sach  as  the  Yemier  and  the  micrometer.  A  number  of 
Q  forms  of  calipers  are  shown  at  Fig.  68.  These  are  known 
de  or  outside  calipers,  dependiog  upon  the  measurements 
■e  intended  to  tde.  That  at  A  is  an  inside  caliper,  consisting 
legs,  A  and  D,  and  a  gauging  piece,  B,  which  can  he  locked 


9. — Vitm  Stunriug  Utility   of   Oom1)inatioa  luslde   and  Outside 
Friction  Joint  Oallpen. 

A,  or  released  from  that  member  by  tlie  screw,  C.  The 
of  this  construction  is  to  permit  of  measurements  being  taken 

bottom  of  a  two  diameter  hole,  where  the  point  to  be 
td  is  of  lai^r  diameter  than  the  portion  of  the  hole  through 
the  calipers  entered.     It  will  be  apparent  that  the  \ega 
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A  and  D  must  be  brought  close  together  to  pass  through  the 
smaller  holes.  This  may  be  done  without  losing  the  setting,  as  the 
guide  bar  B  will  remain  in  one  position  as  determined  by  the 
size  of  the  hole  to  be  measured,  while  the  leg  A  may  be  swmig 
in  to  clear  the  obstruction  as  the  calipers  are  lifted  out.  Wh«i 
it  is  desired  to  ascertain  the  measurements  the  leg  A  is  pushed 
back  into  place  into  the  slotted  portion  of  the  guide  B,  and  locked 
by  the  clamp  screw  C.  A  tool  of  this  form  is  known  as  an  in- 
ternal transfer  caliper. 

The  form  of  caliper  shown  at  B  is  an  outside  caliper.  Those  at 
C  and  D  are  special  forms  for  inside  and  outside  work,  the  former 
being  used,  if  desired,  as  a  divider,  while  the  latter  may  be  em- 
ployed for  measuring  the  walls  of  tubing.  The  calipers  at  E  are 
simple  forms,  having  a  friction  joint  to  distinguish  them  from 
the  spring  calipers  shown  at  B,  C  and  D.  In  order  to  permit  of 
ready  adjustment  of  a  spring  caliper,  a  split  nut  as  shown  at  Q 
is  sometimes  used.  A  solid  nut  caliper  can  only  be  adjusted  by 
screwing  the  nut  in  or  out  on  the  screw,  which  may  be  a  tedious 
process  if  the  caliper  is  to  be  set  from  one  extreme  to  the  other 
several  times  in  succession.  With  a  slip  nut  as  shown  at  G  it  is 
possible  to  slip  it  from  one  end  of  the  thread  to  the  other  without 
turning  it,  and  of  locking  it  in  place  at  any  desired  point  by  simply 
allowing  the  caliper  leg  to  come  in  contact  with  it.  The  method  of 
adjusting  a  spring  caliper  is  shown  at  Fig.  68,  H.  The  caliper 
shown  at  Fig.  69,  A,  is  known  as  a  '* hermaphrodite,''  and  is  so 
called  because  it  can  be  used  for  measuring  both  diameters  of 
pieces  or  bores  of  holes.  It  is  provided  with  a  removable  and 
adjustable  point,  two  being  provided  with  each  device.  One  of 
these  is  curved,  the  other  is  straight.  The  point  is  firmly  held 
in  position  by  a  knurled  nut  and  washer  and  draw  bolt,  and  is 
given  additional  support  by  the  loop  at  the  end  of  the  caliper 
leg.  The  auxiliary  caliper  point  furnished  with  these  tools  makes 
it  possible  to  convert  the  tools  readily  into  an  inside  caliper. 
Two  uses  of  this  tool  are  shown  at  Fig.  69,  B  and  C.  These  are 
self-explanatory. 

An  important  tool  that  should  be  included  in  the  equipment 
ol  every  shop  where  machine  tools  are  used  is  sVvoyiiv  at  Fi^^  70^  A- 
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This  is  used  in  connection  with  the  surface  plate  or  the  bed  of 
a  drill  press  or  planer,  and  will  serve  many  purposes.  The  tool 
shown  is  provided  with  three  spindles  ranging  from  nine  to  eigh- 
teen inches  in  length,  and  the  construction  admits  of  swinging  the 
standard  three-quarters  of  the  distance  around  the  base.  The  ad- 
justing mechanism  is  so  arranged  that  it  can  be  set  at  any  desired 
position.  The  clamping  devices  are  rigid  and  firm  and  are  not 
susceptible  to  slipping.  The  application  at  B  shows  the  use  in 
laying  out  lines  on  the  boss  of  a  casting  where  the  scriber  point 
can  be  placed  directly  over  the  boss.  The  application  at  C  shoira 
the  method  of  making  these  lines  where  the  scriber  point  support 
must  be  ofCset  and  placed  at  some  distance  from  the  boss  to  be 
marked.  At  D  the  surface  gauge  is  shown  used  in  connection 
with  a  scale  in  order  to  make  measurements  and  secure  the  align- 
ment of  an  angular  I  section  casting.  At  E  the  method  of  scrib- 
ing a  line  around  a  piece  of  barstock  or  tube  is  shown.  The  re- 
maining illustrations  show  the  uses  of  the  surface  gauge  in  laying 
out  work  of  various  kinds.  Many  other  combinations  are  possible 
besides  those  shown^  as  a  tool  of  this  nature  can  be  used  as  a  bench 
^auge,  scribing  block  or  depth  gauge. 

Among  the  most  common  of  the  machinist's  tools  are  those 
used  for  linear  measurements.  The  usual  forms  are  shown  in 
group,  Fig.  71.  The  most  common  tool,  which  is  widely  known, 
is  the  carpenter's  folding  two-foot  rule  or  the  yardstick.  While 
these  are  very  convenient  for  taking  measurements  where  great 
accuracy  is  not  required,  the  machinist  must  work  much  more  ac- 
curately than  the  carpenter,  and  the  standard  steel  scale  which  ij9 
shown  at  Fig.  71,  D,  is  a  popular  tool  for  the  machinist.  The 
steel  scale  is  in  reality  a  graduated  straight  edge  and  forms  an 
important  part  of  various  measuring  tools.  These  are  made  of 
high  grade  steel  and  vary  from  1  to  48  inches  in  length.  They 
are  carefully  hardened  in  order  to  i)rescrve  the  graduations,  and 
all  surfaces  and  edges  are  accurately  ground  to  insure  absolute 
parallelism.  'The  graduations  on  the  high  grade  scales  are  pro- 
duced with  a  special  device  known  as  a  dividing  engine,  but  on 
cheaper  scales,  etching  suffices  to  provide  a  fairly  accurate  grad- 
uation.    The  steel  scales  may  be  very  thin  and  flexible,  or  maj 
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be  about  an  eighth  of  an  inch  thick  on  the  twelve-inch  size,  which 
is  that  commonly  used  with  combination  squares,  protractors  and 
other  tools  of  that  nature.  The  repairman's  scale  should  be  grad- 
uated both  with  the  English  system,  in  which  the  inches  are 
divided  into  eighths,  sixteenths,  thirty-secondths  and  sixty-fourths, 
and  also  in  the  metric  system,  divided  into  millimeters  and  •centi- 
meters. Some  machinists  use  scales  graduated  in  tenths,  twentieths, 
fiftieths  and  hundredths.  This  is  not  as  good  a  system  of  gradua- 
tion as  the  more  conventional  one  first  described. 

Some  steel  scales  are  provided  with  a  slot  or  groove  cut  the 
entire  length  on  one  side  and  about  the  center  of  the  scales.  This 
permits  the  attachment  of  various  fittings  such  as  the  protractor 
head,  which  enables  the  machinist  to  measure  angles,  shown  at 
Fig.  70,  B,  or  in  addition  the  heads  convert  the  scale  into  a  square 
or  a  tool  permitting  the  accurate  bisecting  of  pieces  of  circular 
section.  Two  scales  are  sometimes  joined  together  to  form  a  right 
angle,  such  as  shown  at  Fig.  70,  C.  This  is  known  as  a  square  and 
is  very  valuable  in  ascertaining  the  truth  of  vertical  pieces  that 
are  supposed  to  form  a  right  angle  with  a  base  piece.  The  Ver- 
nier is  a  device  for  reading  finer  divisions  on  a  scale  than  those 
into  which  the  scale  is  divided.  Sixty-fourths  of  an  inch  are  about 
the  finest  division  that  can  be  read  accurately  with  tlie  naked  eye. 
When  fine  work  is  necessary  a  Vernier  is  employed.  This  consists 
essentially  of  two  rules  so  graduated  that  the  true  scale  has  each 
inch  divided  into  ten  equal  parts,  the  upper  or  Vernier  portion 
has  ten  divisions  occupying  the  same  space  as  nine  of  the  divisions 
of  the  true  scale.  It  is  evident,  therefore,  that  one  of  the  di- 
visions of  the  Vernier  is  equal  to  nine-tenths  of  one  of  those  on 
the  true  scale.  If  the  Vernier  scale  is  moved  to  the  right  so  that 
the  graduations  marked  '*!''  shall  coincide,  it  will  have  moved 
one-tenth  of  a  division  on  the  scale  or  one-hundredth  of  an  inch. 
When  the  graduations  numbered  5  coincide  the  Vernier  will  have 
moved  five-hundredths  of  an  inch;  when  the  lines  marked  0  and 
10  coincide,  the  Vernier  will  have  moved  nine-hundredths  of  ai 
inch,  and  when  10  on  the  Vernier  comes  opposite  10  on  the  scales 
the  upper  rule  will  have  moved  ten-hundredths  of  an  inch,  or  the 
whole  of  one  division  on  the  scale.     By  t\i\%  "mft^cos  \5sva  ^k^:^ 
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Ihongh  it  may  be  graduated  only  to  tenths  of  an  incli. 
■Kuratdr  set  at  points  with  positions  expresst^il  in  hiiniliTiltlis  of 

ID  inch.  When  graduated  to  read  in  thousandths,  the  true  scaltf 
ifdiiiiipd  into  fifty  parte  and  the  Vernier  int^i  twenty  parts,  Eacli 
firision  nf  the  Vernier  is  therefore  equal  to  nineti-en-twenliethu 
of  one  of  the  true  scale.    K  the  Vernier  be  moved  so  tlie  lines  of 
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tif  first  division  coincide,  it  will  have  moved  one-twentieth  of  one- 
Htieth,  or  .001  inch.  The  Vernier  principle  can  be  readily  (rrnsped 
by  rfjidying  the  section  of  tlie  Vernier  scale  and  true  scale  whown 
It  Fig.  73,  A. 

The  i-aliper  scale  which  is  shown  at  Fig.  71,  A,  permits  of 
ikin^  thi*  over-all  dimension  of  any  parts  that  will  go  lietween 
ie  jaws.  This  scale  can  be  adjusfe<l  very  aeciirately  by  nionns 
I  fine  thread  screw  attached  to  njovahie  jaw  and  the  divisions 
Hy  be  divided  by  eye  into  two  parts  if  one  sixty-fu\irt\i  'vs  W\e 
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smallest  of  the  divisions.  A  line  is  indicated  on  the  movable 
and  coincides  with  the  graduations  on  the  scale.  As  will  be  a{ 
ent,  if  the  line  does  not  coincide  exactly  with  one  of  the  gi 
ations  it  will  be  at  some  point  between  the  lines  and  the 
measurement  may  be  approximated  without  trouble. 

A  group  of  various  other  measuring  tools  of  valae  to 
machinist  is  shown  at  Fig.  72.  The  small  scale  at  A  is  te: 
a  "center  gauge,"  because  it  can  be  used  to  test  the  trul 
the  taper  of  either  a  male  or  female  lathe  center.    The  two  sni 


Tig.  73. — At  Left,  Special  Fonn  of  Vernier  Caliper  for  Ueaanrlnc  ' 
TmUi;   at  Blglit,  Mlciometer  for  Accurate  Internal  MeaatmniM 


nicks  or  v's  indicate  the  shape  of  a  standard  thread,  and  mi 
used  as  a  guide  for  grinding  the  point  of  a  thread-cutting 
The  cross  level  whicli  is  shown  at  B  is  of  marked  utility  in  ere. 
as  it  will  indicate  absolutely  if  tlie  piece  it  is  used  to  test  is 
It  will  indicate  if  the  piece  is  level  along  its  width  as  wi 
its  length. 

A  very  simple  attachment  for  use  with  a  scale  that  enabh 
machinist  to  scribe  lines  along  the  length  of  a  cylindrical  pi 
shown  at  Fig.  72,  C,  These  are  merely  small  wedge-sh^ied  c! 
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baving  an  angular  face  to  rest  upon  the  cars.  The  thread  pitch 
gauge  which  is  shown  at  Fig.  72,  D,  is  an  excellent  pocket  tool 
for  the  garage  mechanic,  as  it  is  often  necessary  to  determine 
vithoat  loss  of  time  the  pitch  of  the  thread  on  a  bolt  or  in  a  nut. 
Iliis  consists  of  a  number  of  leaves  having  serrations  on  one  edge 
eorresponding  to  the  standard  thread  it  is  to  be  used  in  measuring. 
Die  tool  shown  gives  all  pitches  up  to  48  threads  per  inch.  The 
leaves  may  be  folded  in  out  of  the  way  when  not  in  use,  and 
ftrir  shape  admits  of  their  being  used  in  any  position  without 
the  remainder  of  the  set  interfering  with  the  one  in  use.  The 
rfine  pitch  gauges  have  slim,  tapering  leaves  of  the  correct  shape 
:to  be  used  in  finding  the  pitch  of  small  nuts.  As  the  tool  is 
.  immd  when  the  leaves  are  folded  back  out  of  the  way,  it  is  an 
laeellent  pocket  tool,  as  there  are  no  sharp  corners  to  wear  out 
rtke  pocket.  Practical  application  of  a  Vernier  having  measuring 
pleads  of  special  form  for  measuring  gear  teeth  is  shown  at  Fig. 
73,  A.  As  the  action  of  this  tool  has  been  previously  explained, 
it  will  not  be  necessary  to  describe  it  further. 

"Where  great  accuracy  is  necessary  in  taking  measurements  the 

MMTometer  caliper,  which  in  the  simple  form  wdll  measure  easily 

JDOI  inch  (one-thousandth  part  of  an  inch)  and  when  fitted  with 

*  Vernier  that  will  measure  .0001  inch  (one  ten-thousandth  part 

tim  inch),  is  used.    The  micrometer  may  be  of  the  caliper  form 

hr  measuring  outside  diameters  or  it  may  be  of  the  form  shown 

Fig.  73,  B,  for  measuring  internal  diameters.     The  operation 

•I  both  forms  is  identical  except  that  the  internal  micrometer  is 

^eed  inside  of  the  bore  to  be  measured  while  the  external  form 

11  used  just  the  same  as  a  caliper.    The  form  outlined  will  meas- 

"■rc  from  one  and  one-half  to  six  and  a  half  inches  as  extension 

fints  are  provided  to  increase  the  range  of  the  instrument.    The 

has  a  movement  of  one-half  inch  and  a  hardened  anvil  is 

in  the  end  of  the  thimble  in  order  to  prevent  undue  wear 

that  point.     The  extension  points  or  rods  are  accurately  made 

standard  lengths  and  are  screwed  into  the  body  of  the  instru- 

instead  of  being  pushed  in,  this  insuring  firmness  and  ac- 

.    Two  forms  of  micrometers  for  external  measurements  ar^, 

at  Fig.  74,    The  top  one  is  graduated  to  read  in  thousiVT>dxhp 
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Fig.  74. — Standard  Forms  of  Micrometer  Caliper  for  External  ^ 

ments. 


of  an  inch,  while  the  lower  one  is  graduated  to  indicate  hue 
of  a  millimeter.  The  mechanical  principle  involved  in  1 
struction  of  a  micrometer  is  that  of  a  screw  free  to  mo 
fixed  nut.  An  opening  to  receive  the  work  to  be  meai 
provided  by  tiie  backward  movement  of  the  thimble  whic 
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he  screw  and  the  size  of  the  opening  is  indicated  by  the  gradu- 
itions  on  the  barrel. 

The  article  to  be  measured  is  placed  between  the  anvil  and 
spindle,  the  frame  being  held  stationary  while  the  thimble  is 
revolved  by  the  thumb  and  finger.  The  pitch  of  the  screw  thread 
on  the  concealed  part  of  the  spindle  is  40  to  an  inch.  One  com- 
plete revolution  of  the  spindle,  therefore,  moves  it  longitudinally 
one-fortieth,  or  twenty-five  thousandths  of  an  inch.  As  will  be 
evident  from  the  development  of  the  scale  on  the  barrel  of  the 
inch  micrometer,  the  sleeve  is  marked  with  forty  lines  to  the 
inch,  each  of  these  lines  indicating  twenty-five  thousandths.  The 
thimble  has  a  beveled  edge  which  is  graduated  into  twenty-five 
parts.  When  the  instrument  is  closed  the  graduation  on  the  bev- 
eled edge  of  the  thimble  marked  0  should  correspond  to  the  0 
line  on  the  barrel.  If  the  micrometer  is  rotated  one  full  turn 
ie  opening  between  the  spindle  and  anvil  will  be  .025  inch.  If 
he  thimble  is  turned  only  one  graduation,  or  one  twenty-fifth  of  a 
evolution,  the  opening  between  the  spindle  and  anvil  will  be 
Dcreased  only  by  .001  inch  (one-thousandth  of  an  inch). 

As  many  of  the  dimensions  of  the  automobile  parts,  especially 
f  those  of  foreign  manufacture  or  such  parts  as  ball  and  roller 
earings,  are  based  on  tlie  metric  system,  the  automobile  repairman 
tiould  possess  both  inch  and  metric  micrometers  in  order  to  avoid 
ontinual  reference  to  a  table  of  metric  equivalents.  With  a 
letric  micrometer  there  are  fifty  graduations  on  the  barrel,  these 
epresenting  .01  of  a  millimeter  or  approximately  .0004  inch. 
>ne  full  turn  of  the  barrel  means  an  increase  of  half  millimeter, 
r  .50  mm.  (fifty  one-hundred ths).  As  it  takes  two  turns  to  aug- 
lent  the  space  between  the  anvil  and  the  stem  by  increments  of 
oe  millimeter,  it  will  be  evident  that  it  would  not  be  difiicult 
)  divide  the  soaces  on  the  metric  micrometer  thimble  in  halves  by 
le  eye,  and  thuii  the  average  workman  can  measure  to  .0002  inch 
lus  or  mUiUS  without  difficulty.  As  set  in  the  illustration,  the 
letric  micrometers  show  a  space  of  13.5  mm.,  or  about  one  milli- 
leter  more  than  half  an  inch.  The  inch  micrometer  shown  is 
t  to  five-tenths  or  five  hundred  one-thousandths  or  one-half  inch. 
little  study  of  the  foregoing  matter  will  make  it  easy  to  wndfit- 
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stand  the  action  of  either  the  inch  or  metric  micrometer.  A  tabl< 
of  metric  equivalents  will  be  found  in  the  back  of  the  book  t( 
enable  the  workman  to  change  inches  to  miUimeters,  and  vice  versa 
without  any  trouble. 

Both  of  the  micrometers  shown  have  a  small  knurled  knob  a^ 
the  end  of  the  barrel.  This  controls  the  ratchet  stop,  which  is  i 
device  that  permits  a  ratchet  to  slip  by  a  pawl  when  more  thai 
a  certain  amount  of  pressure  is  applied,  thereby  preventing  th( 
measuring  spindle  from  turning  further  and  perhaps  springing 
the  instrument.  A  simple  rule  that  can  be  easily  memorized  fo: 
reading  the  inch  micrometer  is  to  multiply  the  number  of  vertica 
divisions  on  the  sleeve  by  25  and  add  to  that  the  number  of  di 
visions  on  the  bevel  of  the  thimble  reading  from  the  zero  to  th< 
line  which  coincides  with  the  horizontal  line  on  the  sleeve.  Fo: 
example :  if  there  are  ten  divisions  visible  on  the  sleeve,  multiply 
this  number  by  25,  then  add  the  number  of  divisions  shown  oi 
the  bevel  of  the  thimble,  which  is  10.  The  micrometer  is  there 
fore  opened  10  x  25  equals  250  plus  10  equals  260  thousandths. 

Micrometers  are  made  in  many  sizes,  ranging  from  those  hav 
ing  a  maximum  opening  of  one  inch  to  special  large  forms  tha 
will  measure  forty  or  more  inches.  While  it  is  not  to  be  expected 
that  the  repairman  will  have  use  for  the  big  sizes,  if  a  calipe 
having  a  maximum  opening  of  six  inches  is  provided  with  a  num 
ber  of  extension  rods  enabling  one  to  measure  smaller  objects,  prac 
tically  all  of  the  measuring  needed  in  repairing  automobile  part 
can  be  made  accnratelv.  Two  or  three  smaller  micrometers  havinj 
a  maximum  range  of  two  or  three  inches  will  also  be  foun< 
valuable,  as  most  of  the  measurements  will  be  made  with  thes 
tools  which  will  be  much  easier  to  handle  than  the  larger  sizes. 

Lathe  Accessories  and  Lathe  Tools. — Mention  has  been  pr( 
viously  made  of  the  marked  utility  of  the  lathe  and  its  man; 
advantages  which  make  it  an  indispensable  article  of  repair  sho 
equipment.  When  one  purchases  a  lathe  there  are  a  number  o 
accessories  that  are  usually  furnished  with  that  tool  without  extr 
cost.  These  include  a  large  face  i>late,  having  a  capacity  equj 
to  the  full  swing  of  the  lathe,  a  steady  rest  and  a  follow  rest,  j 
number  of  the  most  important  lathe  accessories  are  shown  in  illui 
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trations  Figs.  75  and  76.  The  steady  rest  shown  at  Fig.  75,  . 
is  used  when  a  long  shaft  is  being  turned  that  cannot  be  support 
by  the  tail  stock  center.  This  consists  of  a  frame  hinged  at  '. 
having  three  movable  jaws,  B,  B,  B.  These  jaws  may  be  regulat 
by  suitable  screws  and  can  be  held  firmly  in  place  by  settii 
down  the  clamping  nut  when  they  have  been  adjusted  to  form 
suitable  bearing  foi*  the  piece  to  be  turned.  The  usual  constm 
tion  of  a  face  plate  is  sho\vn  at  B.  This  can  be  made  into  a  chu< 
by  attaching  face  plate  jaws  such  as  are  shown  at  Fig.  76,  ] 
The  face  plate  is  provided  with  four  T-slots  to  permit  the  eai 
insertion  of  clamping  bolts,  and  also  has  numerous  slots  throuj 
the  face  to  permit  of  bolting  on  angle  plates  or  other  fixtures 
hold  the  work.  A  four-jaw  chuck  is  shown  at  Fig.  75,  C.  Tl 
consists  of  a  body  fastened  to  a  special  face  plate  in  a  mann 
that  insures  concentricity  with  the  spindle.  Chucks  may  be 
two  types,  universal  chucks  are  those  in  which  the  four  jaws  nu 
be  controlled  by  any  one  of  the  screw  heads  while  an  independe 
chuck  is  a  form  having  each  jaw  controlled  by  its  individu 
screw  independently  of  the  other.  Sometimes  a  chuck  may  be 
a  combination  type,  and  the  work-holding  jaws  may  be  operat 
universally  or  independently,  as  desired. 

Mandrels  or  arbors  to  support  work  to  be  turned  are  shoT 
at  D  and  E.     That  at  D  is  provided  with  slots  adapted  to  ta 
pieces  of  various  heights,  making  it  possible  to  use  the  comm 
arbor  as  a  basis  for  supporting  work  of  various  diameters 
using  the  proper  filling  pieces.    One  of  the  filling  pieces  is  sho^ 
at  B  1,  while  the  piece  employed  to  hold  the  filling  pieces 
position  in  the  mandrel  slots  is  shown  at  B  2.    The  mandrel  at 
is  an  expanding  form,  in  which  a  piece  may  be  held  tightly 
moving  the  expander  carrying  the  piece  along  the  taper  of  1 
arbor  until  the  piece  is  firmly  held  by  the  enlargement  in  s 
of  the  slotted  expander  sleeve. 

The  indicator  shown  at  F,  Fig.  75,  is  intended  for  centeri 
work  accurately  in  a  chuck  or  on  a  face  plate.  This  consists 
a  bell  crank  having  considerable  multiplication  of  leverage,  so  tl 
a  very  slight  movement  of  the  short  arm  will  mean  about  1 
times  as  much  of  tlie   long  arm  which  serves  as  an  indical 
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idicator  shown  at  G  is  also  intended  for  use  in  the  tool 
Bd  is  a  ^uge  for  indicating  the  truth  of  center  holes.  This 
tt  multiplying  lever,  fulcnimed  in  a  universal  joint,  sup- 
;  by  a  suitable  yoke.     The  short  arm  of  tlie  indicator  '\& 
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placed  in  the  center,  and  if  that  runs  out  of  truth  it  will 
magnify  the  amount  of  running  out  which  will  be  indicated 
the  degree  of  movement  of  the  indicator  point. 

The  internal  construction  of  the  usual  pattern  of  three-j 
universal  chuck  is  clearly  outlined  at  B,  C  and  D,  Fig.  76. 
view  at  A  shows  the  chuck  assembled.    That  at  B  shows  the 
half,  which  is  attached  to  the  head  stock  spindle.    At  C  the 
rack  that  is  employed  to  cause  the  jaw-regulating  screws  to 
in  unison  is  sho\vn.     This  bevel  rack  engages  the  bevel  pii 
shown  on  the  adjusting  screws  at  D.     A  movement  of  any 
of  the  screws  will  therefore  produce  a  corresponding  and 
movement  of  the  other  two.    At  E  the  internal  mechanism  of  a 
jaw  chuck  is  shown.    At  F,  a  face  plate  fitted  with  cliuck  jai 
depicted.     Wlien  work  is  supported  on  a  mandrel  it  is  m 
to  provide  some  means  of  turning  it,  because  the  frictional 
tact  on  the  live  center   (that  carried  by  the  head  stock)  it 
sufficient  to  turn  the  arbor  against  the  resistance  of  the 
tool.     Lathe  dogs  are  used  to  turn  the  work,  these  being 
clamp  members  having  projecting  tails  designed  to  engage 
of  the  slots  of  the  face  plate.     For  round  work  the  form 
at  G  1,  Fig.  76,  is  commonly  used.     The  shaft  or  arbor  to] 
driven  is  placed  in  the  hole  A,  and  firmly  secured  by  tighl 
the  clamp  screw.    For  work  other  than  round,  the  lathe  dog 
at  G  2  is  very  satisfactory.     The  lathe  dogs  at  G  3  and  4 
special  forms  that  can  be  used  with  either  round  or 
work.     The  simplest  form  of  arbor  and  that  commonly 
shown  at  Fig.  76,  H.     This  is  a  piece  of  steel  ground  to 
standard  size,  but  having  a  slight  taper  with  the  ends  flal 
to  permit  of  secure  holding  by  the  lathe  dog  clamp  screws. 
Uic  simple  mandrel  is  a  popular  form,  it  has  the  disadi 
that  the  constant  driving  on  and  off  of  the  work  will  prodi 
preciation  and  the  mandrel  will  become  reduced  in  size. 
arbors  are  usually  obtained  in  sets  ground  to  standard 
varying  by  thirty-seconds  or  sixteenths  of  an  inch.     It 
ceivable  that  there  would  be  many  pieces  to  be  handled  that 
not  fit  any  standard  solid  arbor.     In  order  to  handle 
sjze  pieces  an  expanding  support,  either  of  the  form 
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i,  E,  or  76,  I,  can  be  used.  A  mandrel  of  this  kind  ia  ar- 
80  that  the  pieces  designed  to  grip  the  worit  can  be  forced 
against  the  piece  to  be  turned  by  locating  the  expander 

-  on   the  taper,  which  is  greater  than  that  of  the  solid 

lathe  is  complete  without  a  well-selected  outfit  of  cutting 


^t^OtPCK 


CtA^/'  SoKh/, 


^ 

z 

[s 

^ 

^ 

0l 

« 

1 

3  L 

J 

- 

ASitoCTHi  Took  lor  ti  Tool-liuk 


rig.  77.— Latlu  Tool  FonuB. 

rhich  may  be  obtained  in  a  great  variety  of  forms.  One 
noat  popular  types  for  all  around  work  js  the  "Champion" 
Ider,  which  takes  various  cutting  points,  which  can  be  read- 
Bged  in  the  master  holder.  This  is  shown  at  Pig.  77,  A, 
ample  round  noee-tuminff  tool  in  place.    As  will  be  ap- 
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parent,  the  tool  which  does  the  cutting  is  ground  from  a  pi 
square  tool  steel  of  proper  size  to  fil  the  square  hole  in  the 
of  the  tool  holder,  which  is  usually  a  steel  forging.  Another 
of  ** Champion'*  tool  holder  used  for  thread  cutting  is 
B,  Pig.  77.  The  cutter  may  be  adjusted  as  it  wears  or  is 
in  size  by  grinding  by  loosening  the  clamp  screw  and  r 
cutting  tool  which  is  provided  with  a  series  of  ratchet  teeth| 
then  once  again  tightening  the  clamp  screws  which  bringi 
ratchet  teeth  on  the  cutter  and  on  the  tool  holder  into 
engagement.  The  proper  angles  for  a  cutting-down  tool  are 
at  C,  and  a  side  tool  at  D.  The  angle  on  the  front  edge  of  thei 
is  known  as  a  clearance  angle,  while  that  from  the  cutting 
back  is  known  as  tlie  rake  on  a  straight  cutting-down  tooL 
the  side  tools  there  is  another  angle  to  be  considered,  kna 
the  top  angle.  This  is  clearly  indicated.  The  form  of  the 
point  used  depends  largely  upon  the  characteristics  of  the 
to  be  cut.  The  first  consideration  relates  to  the  softness  of 
material,  the  other  to  structure,  whether  it  is  crystalline  like 
iron  or  fibrous  like  wrought  iron.  The  clearance  is  added  to 
tool  to  prevent  it  from  rubbing  on  tlie  work,  while  the  d 
rake  determines  the  cutting  ability  or  sharpness  of  the  cutting 
and  gives  freedom  for  the  chip  to  leave  the  work.  A  lathe 
should  always  be  set  so  the  cutting  edge  will  be  very  nearly  j 
point  that  would  correspond  to  a  horizontal  line  drawn 
the  center  of  the  work.  If  a  tool  is  set  too  low,  it  will  tend 
into  the  work  and  force  it  from  the  centers,  whereas  if  it  is 
high,  the  angle  of  clearance  will  be  reduced  and  the  wo: 
rub  against  the  bottom  of  the  tool.  Many  machinists  favor 
the  cutting  edge  just  a  little  above  the  center  or  at  a  poinl' 
responding  to  about  five  degrees  above  the  horizontal  line 
through  the  axis. 

A  complete  set  of  cutting  tools  for  use  with  the  Champiq) 
holder,  shown  at  Fig.  77,  A,  is  clearly  outlined  at  Pig. 
The  tools  are  made  of  various  grades  of  tool  steel,  which  ii 
carbon  alloy  capable  of  being  hardened  by  raising  its  tem 
to  about  1500  degrees  Fahr.  and  then  quenching  in  water^, 
brine,  according  to  the  degree  of  hardness  desired.    Van 
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•ontaining  tungsten,  molybdenum,  cobalt,  and  other  sub- 
are  also  obtainable,  these  possessing  desirable  qualities  such 
ity  to  keep  their  edge  at  greater  heat  than  tool  steel  of  the 
t  high  carbon  form,  or  of  having  greater  resistance  for 
tough  metals  such  as  the  chrome-nickel  or  chrome-vana- 
teels  so  widely  used  in  automobile  construction. 
?  Armstrong  tool  holders  are  made  in  a  variety  of  patterns. 
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Pig.  78^ — ^Armstrong  Tool  Holders  for  Many  Uses. 


ist  common  of  which  are  shown  at  Fig.  78.  As  each  is 
in  the  illustration,  further  description  is  unnecessary.  The 
I  construction  is  the  same  for  all  tools,  the  main  portion 
y  being  a  steel  forging  not  subject  to  deterioration,  while 
tting  point  or  tool  is  readily  removable  for  grinding  or 
ng.  While  the  tool  holder  has  many  advantages,  it  is 
ieeessary  to  make  special  lathe  tools  such  as  when  turning 
boring  and  other  operations  where  the  conventional  iorm 
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of  tool  holder  coald  not  be  used  to  advantage.  Before  the 
of  the  tool  holder,  lathe  tools  were  forged  of  tool  steel 
.  blacksmith  according  to  the  individual  preferences  of  tl 
chinist  having  the  work  done.  While  the  forged  tools  are  e 
satisfactory,  it  ia  not  practical  to  use  special  cutting  steel 
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Fig.  79. — Set  of  Ordinuy  Hand  Forged  Oattlng  Tools  foi  Vso  In  L 


count  of  the  groat  cost  of  this  material.  As  practically  tb 
point  where  the  higli  grade  steel  is  desired  is  aronnd  the  i 
edge,  it  will  be  apparent  that  it  would  be  very  wasteful 
that  material  for  the  body  of  the  tool,  which  could  be  just  J 
made  of  a  cheaper  grade  of  steel.  This,  of  course,  is  iiu 
advantage  of  the  Armstrong  tool  holder  and  similar  devic 
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of  hand-forged  tools  ordinarily  used  in  lathe  work  are  shown 
Pig.  79.  That  at  2  is  a  right-hand  side  tool,  that  at  1  is  a  left- 
id  side  tool.  The  others  in  order  are  as  follows :  3,  right-hand 
tt;  4,  diamond  point;  5,  right-hand  diamond  point;  6,  round 
e;  7,  finishing  tool  for  east  iron ;  8,  cutting  off  tool ;  9,  threading 
I;  10,  roughing  tool;  11,  tool  for  boring;  12,  fine  threading  tool; 
right-hand  bent  threading  tool ;  14,  inside  threading  tool. 
The  lathe  may  be  fitted  with  various  attachments  that  will 
nit  it  to  take  the  place  of  practically  any  other  machine  tool. 
Be  of  these  have  been  previously  illustrated.  Many  of  the 
Cfaees  of  automobile  parts,  especially  of  bearing  points  on  shafts 
I  finished  by  grinding  and  as  a  regular  grinding  machine  .is 
expensive  investment,  owing  to  the  fact  that  there  would  not 
.enough  work  to  keep  it  busy ;  various  forms  of  grinding  attach- 
Vti  that  can  be  placed  directly  on  the  lathe  have  been  devised. 
iOBe  outlined  at  Fig.  80,  may  be  used  for  either  external  or 
hnal  grinding.  The  attachment  for  external  grinding  shown 
[B,  and  C,  consists  of  a  simple  stand  that  may  be  attached  to 
|tool  post  carriage  and  which  supports  a  wheel  carr>'ing  arbor 
(1  driving  pulley.  In  order  to  permit  the  lathe  carriage  to  be 
along  the  lathe  bed,  the  attachments  are  driven  by  a  long 
drum  driven  from  the  lathe  countershaft  and  supported 
independent  cross  sliaft  of  its  owti,  above  the  latlie  bed,  and  a 
to  one  side  of  the  lathe  centre  so  the  driving  belt  will  not 
re  with  the  w^ork,  which  is  usually  supported  by  centers. 
tool  for  internal  grinding  is  practically  the  same  as  that  for 
work  excei)t  that  an  extension  arm  is  provided  to  carry 
OQtboard  bearings  of  the  wheel  spindle.  These  devices  must 
^«ry  rigid  as  in  most  internal  work  wheels  of  small  diameter 
be  used,  which,  of  course,  must  be  turned  at  high  speed 
er  to  attain  the  recommended  peripheral  velocity  of  5,000  to 
feet  per  minute.  The  grinding  attachment  shown  at  D,  is 
tem  that  can*  be  used  in  boring  cylinders  and  similar  work, 
that  at  C,  would  be  used  for  external  grinding  on  shafts 

leoiu  Tools  and  Appliances. — The  appliances  shown  at 
SI  are  useful  and  should  be  included  in  the  eqini>ment  o£  aW 
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Fig.  80. — OrindlnK  Atudunenta  for  IntcnuU  or  Extenul  Work  o 

shops  where  labor-saving  tools  arc  nt^cessary  to  profitable  ci 
busisess.  At  A,  Is  depicted  a  simple  machine  for  strai 
bent  stock,  shafting,  drills,  reamers,  drive  shafts,  axles, 
arbors,  broaches  aud  other  similar  components.  It  com 
east  iron  frame  on  which  V-blocks  slide,  the  work  be 
ported  by  these,  and  a  large  screw  by  which  pressure  ii 
ag^nat  the  bent  part  to  straighten  it.    A  light  steel  bar 
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I  front  of  the  centers  for  convenience  of  holding  chalk  or  pencil 
testing   work  that  has  been   straightened,   and   adjustable 
fT8  are  provided  to  support  the  shaft  at  the  ends  when  testing 
itniightDess.     These  are  made  in  various  sizes  and  are  very 
in  reclaiming  tools,  stock  and  shafting  often  throA\'n  in  the 
heap  and  save  time  and  money  over  the  common  method  of 
lering,   centering  work  in  lathe  and  testing.     A  moment's 
may  save  a  finished  spindle  or  arbor  that-  would  be  difficult 
restore  by  use  of  hammer  and  anvil.     This  differs  from  the 
previously  described  in  that  it  has  a  substantial  cast  iron  base 
npport  it,   also  in  other  minor  details. 

The  angle-bending  tool  at  B,  is  a  very  powerful,  but  simple  ma- 
intended  to  be  operated  by  hand  for  bending  steel  and  iron 
or  bars  to  various  angles  without  heating.    The  machine  shown 
combination  type,  it  can  be  used  for  light  or  heavy  stock, 
will  bend  anything  from  light  drill  rod  to  one  inch  iron  bars, 
flat  stock  four  inches  wide  by  one-lialf  inch  thick  or  its  equiva- 
Light  stock  is  bent  by  swinging  the  dies  with  the  hand 
',  heavier  material  is  formed  by  using  the  ratchcit  lever  and 
to  move  the  dies.  This  is  devised  to  be  set  on  the  top  of  a 
post,  which  is  set  in  the  center  of  the  floor  of  the  shop  so 
any  length  of  stock  may  be  bent-    Various  dies  are  furnished 
one  can  make  U-fittings,  hooks,  screw-eyes  and  rings  as  well  as 

pif<-es. 

As  the  practise  of  using  the  softer  alloys  for  bearings  is  common, 

ibitt  nielter  is  a  useful  fixture  to  install  in  any  repair  shop 

considerable  overhauling  work.     This  consists  of  a  large 

pot  adapted  to  set  on  a  bench,  having  a  gas  burner  under 

heat  the  metal.    One  pipe  is  intended  for  gas,  the  other  for 

lir  blast  from  blower  or  foot  bellows.    This  is  a  much  cleaner 

of  melting  bearing  metal  than  the  forge  fire,  the  coal  used 

coDtaiuing  such  elements  as  sulphur  which  may  change  the 

T  of  the  alloy.     It  is  also  more  convenient  and  quicker. 

used  for  this  purpose  is  shown  at  Fig.  81,  C. 

soda  kettle  shown  at  D  is  used  for  removing  grease  and 
from  small  tools,  parts  of  automobiles,  and  machinery.  A 
f  steam  pipe  is  used  to  heat  the  solution  in  which  the  url\c\es 
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Tif.  81. — VMfiil  Appliances  to  Im  Included  In'  tbe  B«pklr  Shop  Efo 


are  placed.  This  oonRistfl  of  wnshini;  smla  and  vater,  aii< 
immersed  in  the  solution  dry  witlioiit  rusting  when  taken  on 
kettles  usually  have  a  capacity  of  50  or  60  gallong  and 
tended  to  be  placed  in  any  convenient  location  among 
chine  toola  Others  are  of  such  form  that  they  can  bf 
against  a  wall  or  in  a  comer.    A  removable  wire  basket 
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r  recehing  the  work  is  provided,  and  a  small  perforated  bucket 
r  shaker  is  furnished  for  washing  small  pieces.  This  method  of 
kaning  parts  is  superior  to  the  common  method  of  using  gaso- 
Be,  as  it  reduces  the  fire  risk  appreciably'  and  the  soda  solution 
Its  the  grease  fully  as  well  as  the  inflammable  hydrocarbon. 
It  is  often  possible  to  extemporize  special  tools  that  will  serve 
purpose  quite  wtU  by  making  simple  additions  to  ordinary 
that  nmy  have  outlived  their  usefulness  and  no  longer  be 
ible  for  the  purpose  for  which  they  were  primarily  intended, 
useful  attachments  that  can  be  easily  fitted  to  the  ordinary  type 
monkey  wrench,  when  the  jaws  have  become  so  sprung  that 
are  no  longer  suitable  for  turning  nuts,  will  permit  these  tools 
he  used  on  pipe.  These  are  outlined  at  Fig.  82,  A,  B,  and  C. 
it  at  A.  is  a  simple  pij>e  cutter,  comprising  a  jaw  member  having 
Rcess  to  receive  the  jaw  of  the  wrencli,  this  being  fitted  witli 
id  arms  adapted  to  straddle  the  wrencli  shank.  A  cutting 
or  disc  is  mounted  in  a  block  sliding  in  and  guided  by  a 
ille  yoke  piece.  This  block  and  the  roll  it  carries  can  be  moved 
dedred  by  turning  the  handle  on  the  feeding  screw.  Simple 
ip  screws  insure  that  the  attachment  will  b<.»  easily  and  quickly 
led  to  the  wrench.  Tlie  pipe  is  placed  between  the  movable 
of  the  wrench  and  roller,  and  is  backed  by  the  shank  of  the 
lb.  as  indicated  in  the  illustration.  This  device  is  used  in 
same  manner  as  a  pipe  cutter,  the  wrench  b(»ing  revolved 
id  the  pipe  and  the  pressure  on  the  cutter  block  being  in- 
gradnally  to  cut  deeper  into  the  pipe  each  revolution. 
The  device  shown  at  B  is  an  extremely  simple  member,  having 
les  of  serrations  or  teeth  to  permit  it  to  grip  a  round  surface. 
is  made  of  hardened  steel  and  has  a  simple  clip  member  by 
it  may  be  easily  attached  to  the  fixed  jaw  of  the  wrench. 
U-shape  piece  is  adapted  to  closely  engage  the  top  and  sides 
Lfte  wrench  jaw,  the  tooth  plate  is  pivoted  to  the  I%momber 
a  way  that  it  will  lie  beneath  the  face  of  tlie  fixed  wrench 
A  locking  member,  composed  of  a  pin  having  a  grooved  end 
retention  spring,  is  passed  through  the  I^-member  to  hold  the 
mX  in  place.  Either  of  the  attachments  sliown  at  A,  or  B, 
'w  fitted  to  a  monkey  wrench  without  impnirinir  its  usefulness 
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for  the  work  for  which  it  was  primarily  iotended,  as 
readily  removable.  The  method  of  fixing  a  wrench  : 
will  serve  as  a  tube  or  pipe  cutter  shown  at  C,  means 
machine  work  is  necessary,  this  consisting  merely  of 
small  bole  through  each  jaw  of  the  wrench.  The  hardi 
beveled  edged  discs  used  in  pipe  cutters  can  be  purchi 
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sum  from  any  hardware  store.  The  holes  bored  through 
irrench  jaws  correspond  to  the  size  of  that  in  the  disc.  A  stove 
passed  through  each  disc  acts  as  a  bearing  and  is  tightened 
so  the  discs  fit  snugly  against  the  jaws  of  the  wrench,  yet 
tightly  enough  to  prevent  them  from  turning.  Different  sizes 
[pipe  may  be  cut  by  simply  adjusting  the  jaws  as  would  be  neces- 
to  fit  the  wrench  on  various  size  nuts. 
A  soft  metal  hammer  is  very  useful,  but  in  some  cases  it  may 
QKd  so  seldom  that  the  expense  of  buying  a  copper  or  babbitt 
wonld  not  be  warranted.  A  simple  substitute  is  shown 
82,  D.  This  is  a  copper,  soft  brass  or  babbitt  casting  fitted 
the  hammer  head  by  three  screws.  The  pattern  for  the  casting 
be  easily  made  and  can  be  turned  out  hollow,  no  core  being 
If  lead  or  babbitt  metal  is  used,  the  casting  should 
jnaewhat  heavier  than  if  a  stronger  material,  such  as  copper 
kiH  is  employed. 

Some  types  of  work,  such  as  light  U-shape  brackets  and  similar 
are  not  easily  drilled  on  account  of  the  difficulty  in  holding 
en  the  drill  press.  At  Pig.  82,  E,  a  method  of  utilizing  a 
of  a  discarded  crankshaft  for  making  a  drilling  block  is 
shown.  The  cheeks  of  almost  all  crankshafts  are  planed 
and  parallel,  thus  making  that  portion  of  the  shaft  parti- 
suitable  for  this  use.  The  journals  are  sawed  off  close 
web  and  these  are  filed  or  milled  so  that  the  cheek  will 
ton  and  level  on  the  drill  press  bed.  The  block  shown  may 
[vied  for  drilling  all  light  bent  work  and  the  raised  portion  en- 
the  bent  part  of  the  work  to  clear  during  the  operation  of 
A  block  of  this  nature  may  be  easily  clamped  onto  the 
press  table  by  a  standard  spring  clip. 
KodificatioDs  of  the  stethoscope  employed  by  physicians  are 
for  detecting  noisy  operation  of  automobile  engines,  gear 
land  other  portions  of  the  mechanism.  The  operation  of  these 
as  is  well  known,  is  to  localize  the  noise  and  thereby  ascer- 
^Ae  part  or  parts  at  fault.  A  very  good  sonoscope,  as  these 
Its  are  called,  that  may  easily  be  contrived  by  the  repair- 
shown  at  Fig.  82,  F.  This  is  made  from  an  old  telephone 
rer  shelly  the  construction  heing  ao  clear  that  further  descrip- 
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tion  seems  unnecessary.  The  pieces  shown  below  the  rec 
are  extensions  by  which  the  rod  transmitting  the  sound  t£ 
diaphragm  may  be  lengthened  when  necessary  to  reach  inaccei 
parts. 

An  adjustable  socket  wrench  that  has  considerable  mei 
shown  at  Fig.  83,  A.  This  consists  of  a  main  handle  T,  ma< 
square  section  stock  with  a  cross  bar  welded  to  the  top  by  ip 
it  may  be  turned,  a  piece  of  spring  steel  bent  as  shown  and  a 
of  rectangular  form  riveted  to  the  lower  end  of  the  wrench  ha 
Owing  to  the  tapering  sides,  as  the  handle  is  drawn  up  the 
are  permitted  to  open  and  the  space  between  them  increases,  m 
ing  the  tool  for  a  larger  nut  than  when  the  handle  was  pushed 
down  and  the  jaws  brought  closer  together. 

Gaskets  and  washers  of  various  material,  such  as  rubber,  asl 
or  felt  are  widely  used  in  automobile  construction.  Theai 
hard  to  cut  by  the  ordinary  method  of  using  scissors  or  a  1 
A  washer  cutter,  such  as  shown  at  Fig.  83,  B,  forms  a  useful  a 
of  repair  shop  equipment.  The  cutting  blade  is  carried  by  a 
ing  support  which  may  be  set  at  any  desired  point  on  the  gradi 
cutter  bar.  The  cutter  bar  is  turned  by  a  large  T-handle  i 
not  only  provides  leverage  to  rotate  the  cutter  but  also  m 
the  member  carrying  the  cutter  bar  into  the  supporting  am 
provides  a  feed  so  the  cutting  tool  will  go  through  the  materi 
which  the  washer  is  to  be  made. 

Mention  has  been  previously  made  of  the  desirability  € 
eluding  a  soft  hammer  in  the  repairman 's  kit  and  a  simple  4 
that  can  be  attached  to  an  ordinary  machinist's  hammer  has 
previously  described.  The  ''Horat'*  soft  hammer  mold  iriil 
shown  at  Fig.  83,  C,  makes  it  possible  for  the  repairman  to  ; 
his  own  soft  hammers  at  relatively  slight  expense.  The  oper 
is  extremely  simple.  A  piece  of  pipe  of  the  size  that  is  to  i 
for  the  handle  is  inserted  in  the  mold  and  the  swinging  top  or« 
portion  of  the  mold  is  brought  in  place  and  tightly  clamped  ■! 
the  pipe  by  a  member  provided  for  that  purpose.  Old  babbitt! 
or  worn  out  bushings  of  white  metal  are  placed  in  the  ladle  p| 
of  the  mold  and  are  then  melted  over  the  forge  fire.  WU 
metaJ  is  Suid,  the  mold  may  be  easily  picked  up  and  tUJ! 
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e  molteii  material  to  flow  from  the  ladle  into  that  portion 
mold  surrounding  the  piece  of  pipe.  When  the  metal 
Mi,  a  mallet  head  of  substantial  proportions  will  be  found 
nnd  the  pipe  handle. 

of  the  most  disagreeable  of  the  operations  incidental  to 
S  is  fishing  for  lost  bolta  and  nuts  in  the  narrow  confines 
>tor  crank  case,  gear  case  or  in  the  small  apace  between 
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the  engine  and  the  under  pan,  where  it  is  difficult  to  thri 
hand  or  arm.  The  usual  implement  for  fishing  out  the  lost  i 
is  a  bent  wire  or  copper  tube,  but  the  pickup  pliers  built 
lazy  tongs  principle  shown  at  Fig.  83,  D,  make  it  possible  t( 
almost  any  object.  The  pliers  measure  21  inches  in  length,  exi 
but  when  folded  they  are  but  7  inches  long. 

Special  Home-made  Tools. — The  tool  outfit  of  most  autc 
repairmen  of  experience  includes  many  special  tools  tha 
have  made  from  time  to  time  for  doing  special  jobs.  Many  o 
are  well  adapted  for  general  work  and  some  that  were  mj 
the  writer  when  he  was  in  the  repair  business  are  shown  at  F 
and  85.  Wliile  the  method  of  construction  is  apparent  fr< 
sketches,  it  may  be  well  to  describe  the  uses  to  which  the  to< 
be  put.  At  Fig.  84,  A,  is  shown  a  cotter  pin  tool  used  i 
tracting  split  pins,  where  these  are  employed  as  a  locking 
It  will  be  noted  that  a  fin  of  metal  is  provided  at  the  hook 
which  serves  as  a  point  of  support  by  which  considerable  le 
may  be  exerted  by  a  simple  rocking  motion,  the  fin  being  sup 
by  any  convenient  projection  adjacent  to  the  pin  to  be  rei 
The  other  end  of  the  tool  is  flattened  and  bent  up  to  form  a  sp 
to  expand  the  ends  of  the  pin  after  this  member  has  be 
serted  in  the  bolt.  The  offset  screw  driver  shown  at  B,  ia 
bent  up  from  a  heated  piece  of  tool  steel,  filed  to  shape  an 
hardened  and  tempered.  These  may  be  made  in  variou 
depending  on  the  size  of  the  screws  they  are  to  remove. 

At  C,  is  shown  a  socket  wTcnch  having  a  T-handle  thi 
be  made  to  fit  any  odd  size  bolt  head  or  nut  that  the  regultt 
sockets  do  not  provide  for.  A  bent  box  wrench  which  can  I 
for  spark  plugs  is  shown  at  D.  A  home-made  universally  ^ 
T-handle  for  turning  sockets  such  as  shown  at  F,  is  clearly  <m 
at  E.  At  the  present  time  these  tools  may  be  purchased  fi 
cheaply  as  they  can  be  made,  unless  some  odd  size  is  needfi 
cannot  be  bought.  The  socket  wrench  shown  at  G,  was  mad 
an  old  bit  stock  and  w^as  intended  to  fit  the-  clamping  s 
quick  detachable  demountable  rims.  Modifications  of  this  to 
prove  useful  wherever  there  are  a  number  of  nuts  of  the  m 
tAat  must  be  removed  from  time  to  time.    The  forged  T4 
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driver  shown  at  H,  was  made  to  handle  large  screws  and 
d  head  bolts  that  could  not  he  turned  with  the  usual  pattern 
■ew  driver.  The  wrench  at  I  was  specially  devised  for  remov- 
tastellated  valve  chamber  caps.  The  bars  at  J,  and  K,  are 
useful  for  bending  or  straightening  mud  guard  irons,  step  and 

brackets,  tierods,  etc.  That  at  J,  is  an  adjustable  type,  one 
le  projections  being  movable  and  capable  of  being  inserted 
ly  onejof  the  holes  provided  on  the  handle.    At  L,  is  shown 
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icial  wrench  made  for  removing  the  valve  chamber  caps  bav- 
in internal  hexagon  socket  and  also  hub  caps  of  the  same  de- 
The  wrench  at  M,  was  made  to  handle  cylinder  head  re- 
Dg  bolts  that  could  not  be  reached  with  an  ordinary  monkey 
ch,  because  a  wrench  of  the  proper  size  was  too  large  through 
aws  to  fit  the  bolt  heads  which  were  set  in  depressions  in  the 
der  head  casting. 

jiother  group  of  useful  tools  is  shown  at  Fig.  85,  these  also 
f  80  clearly  outlined  that  but  brief  description  will  be  necessary. 
two  blocks  A,  are  used  for  faring  the  ends  of  coppCT  ot 
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brass  tubing  used  in  making  oil  or  fuel  leads  so  they  ^il 
coned  end  of  couplings  or  unions.  The  blocks  are  steel,  c 
or  bronze,  of  the  same  size  and  held  together  in  proper 
by  small  dowels.  The  holes  are  of  proper  size  to  handle  3 
5-16,  3-8  and  7-16  inch  diameter  tubing  respectively,  and  1 
are  countersunk  so  the  desired  flare  may  be  obtained.  I 
these,  the  tube  is  placed  in  the  proper  sized  hole,  and  firmly 
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Fig.  85. — ^Another  Group  of  Special  Tools  and  Appliances  of  ^ 

to  Automobile  Repairmen. 


between  the  blocks  in  a  vise.  A  portion  of  the  tube  p; 
above  the  surface,  and  is  expanded  by  driving  a  taper  p 
the  tubing  fits  the  sides  of  the  countersink. 

There  is  no  more  annoying  condition  that  confronts  th< 
man  occasionally  than  dropping  a  bolt,  nut  or  other  sm 
into  some  particularly  inaceessi])le  place  such  as  a  cranl 
gearcase  interior  from  which  it  must  be  removed  at  any  cc 
this  reason,  the  utensils  illustrated  at  Fig.  85,  are  of  sp 
terest.  That  shown  at  B,  is  a  small  electro-magnet  having  i 
handle  so  it  can  be  thrust  into  very  inaccessible  places.    Thi 
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piece  of  soft  iron  about  J^-inch  diameter,  having  a  hole  bored 
le  end  to  receive  a  piece  of  J^-ii^cb  annealed  copper  tubing, 
luree  layers  of  No.  18  magnet  wire  are  wound  around  it,  one  end 
e  wire  being  soldered  to  the  copper  handle  close  to  the  point 
mcture  with  the  iron  piece.  The  other  end  of  the  wire  is 
pht  through  the  tube  and  is  allowed  to  protrude  for  several 
«  at  the  other  end.  A  small  terminal  is  soldered  to  the  handle 
e  the  wire  comes  out.  To  use  this,  the  magnet  is  connected 
six  volt  battery,  preferably  dry  cells  (as  the  resistance  of  the 
let  winding  is  so  low  it  might  short  circuit  a  storage  battery), 
brought  in  contact  witli  the  nut  or  bolt  to  be  removed.  If 
is  iron  or  steel,  it  will  be  attracted  by  the  magnetic  force 
held  to  the  magnet  and  it  can  be  easily  ^dthdrawn. 
Unfortunately,  all  small  parts  are  not  of  magnetic  material, 
as  such  a  magnet  would  not  be  of  any  use  if  the  object  were 
I,  copper  or  aluminum,  the  tool  shown  at  B  Ls  also  useful.  This 
ide  on  the  principle  of  a  fruit  picker,  a  number  of  fingers  being 
id  together  at  one  end  and  secured  in  a  handle,  while  a  sliding 

can  be  brought  down  toward  the  lower  end  to  close  them 
1  the  object  to  be  removed.  The  fingers  are  light  steel  rod, 
ened  and  .serrated  at  the  lower  end  to  afford  a  grip  on  an 
fularly  shaped  piece.  The  sliding  ring  is  worked  by  a  light 
extending  to  the  top  of  the  handle  where  it  may  be  easily  raised 

depressed  when  the  lower  portion  is  thrust  in  the  interior 
;  crankcase,  or  gear  housing  in  search  of  some  matter  out  of 
c  Either  of  these  devices  will  be  found  to  have  many  uses, 
the  expense  of  making  them  is  so  slight  as  to  be  almost  negli- 

e. 

[t  is  not  always  possible  to  provide  retention  or  clamping  nuts 
mg  square  sides  to  hold  a  wrench-  In  some  cases  this  const ruc- 
i  would  be  objectionable  on  account  of  appearance,  in  others, 
a  internal  clamping  nuts,  it  is  not  possible  to  fit  either  a  hex 
I  iquare.  Nuts  of  this  form  are  usually  provided  with  a  series 
holes  drilled  in  their  face,  if  of  the  internal  form  or  with 
imilled  across  their  periphery,  if  of  the  external  form.  While 
i  possible  to  move  these  with  a  drift  pin  and  hammer  it  i^  al- 
U  preferable  to  use  spanner  wrenches  for  the  purpose.    T\\ese 
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are  very  simple  and  may  be  easily  made  by  any  repairman.  1 
solid  form  shown  at  D,  Fig.  85,  has  a  disadvantage  of  only  fitti 
one  size  of  nuts.  The  adjustable  form  shown  at  F,  which  hai 
swinging  arm,  may  be  set  to  handle  quite  a  range  of  work.  1 
nut  is  turned  by  small  pins  projecting  from  the  face  of  the  wrei 
and  adapted  to  fit  into  the  holes  in  the  nuts.  For  external  n 
having  milled  slots,  the  wrench  shown  at  Fig.  85,  E,  is  used.  1 
large  spanner  wrench  shown  at  G,  is  utilized  for  removing  va 
chamber  caps  provided  with  a  castellated  top.  The  special  soe 
wrench  is  useful  where  bolts  or  nuts  must  be  turned  from  a  ( 
tance  as  in  working  down  through  a  seat  or  floor  board  where 
ordinary  wrench  could  not  be  handled. 

A  chain  repair  block  is  shown  at  I.     This  consists  of  a  ( 
iron  base,  having  a  channel  milled  through  it  or  cored  therein 
fit  the  size  of  chain  the  block  is  to  support.    A  piece  of  steel  bo 
plate,  a  little  less  in  thickness  than  the  chain  roll  diameter  j 
having  three  projecting  fingers  is  made  to  rest  on  the  top  of 
block.    The  function  of  the  slots  between  the  fingers  is  to  pro^ 
space  for  supporting  the  rollers  while  the  chain  link  sides  rest 
the  finger.    This  forms  a  secure  method  of  holding  the  drive  cl] 
for  driving  out  rivets  that  hold  the  chain  links  and  rolls  togetl 
It  is  often  difficult  to  replace  a  chain  on  sprockets  if  no 
is  available  for  holding  the  chain  ends  together  while  inserl 
the  master  link.     The  simple  tool  shown  at  J,  was  made  by 
writer  in  less  than  a  quarter  of  an  hour  and  proved  very  usi 
for  doing  this  work.     The  main  portion  consisted  of  a  piece 
cold  rolled  steel  rod  having  a  hook  bent  up  at  one  end  and  carr\ 
a  wing  nut  and  sliding  hook  on  the  other.     The  sliding  hook 
simply  an  eye  piece  having  a  hook  formpd  at  one  end.    Tighter 
on  the  wing  nut  moved  the  eye  piece  on  the  shank  and  the  € 
of  the  chain  were  brought  together  owing  to  the  movement  of 
hooks  which  filled  the  space  between  two  of  the  rollers  at  each  < 

A  magazine  wrench  which  is  useful  in  removing  a  numbei 
nuts  of  the  same  size  rapidly  without  necessitating  handling  t 
is  shown  at  K.  Tools  of  this  form  have  been  used  by  racing  dri 
in  making  quick  demountable  rim  changes  with  ease  and  rapic 
T^e  device  consists  of  a  cheap  bit  braee  and  s^^\«Ji  Vya%  ^ 
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simple  clip  is  attached  to  t)^e  socket  wrench,  this  hav- 
!tiDg  pin  into  the  interior  in  order  to  hold  the  nuts  from 
,  of  their  own  weiglit  or  by  spring  pressure.  A  coil 
icd  back  of  the  nuts  in  order  to  force  these  down  against 
in.  Assume  that  a  rim  is  held  by  six  nuts.  It  will 
t  that  all  of  the  nuts  may  be  carried  in  the  body  of  the 
hout  any  trouble.    To  release  the  nut  it  is  merely  neces- 
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tch  it  on  the  thread,  screw  it  home  and  then  pull  out  the 
he  little  lock  spring  will  move  back  and  permit  another 
ip  in  place  ready  to  be  screwed  onto  the  next  retaining 
pring  insuring  constant  feed.  The  special  wrench  shown 
le  usual  form  of  end  wrench  with  the  jaw  portion  bent 
n^les  to  the  handle.  A  wrench  of  this  form  can  often 
here  the  regular  type  would  be  at  a  disad^'antage.  Men- 
teen  previously  made  ot  valve  chamber  caps  that  'weTe 
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provided  with  internal  hexagon  or  square  sockets.     The 
showQ  at  M   consists  of  a  forged  handle  having  a  piece  di 
stock  of  the  proper  section  securely  welded  to  it.    The  length  oCj 
handle  provides  considerable  leverage,  makes  it  possible  to 
the  valve  caps  even  if  these  are  rusted  in  place.    The  short 
of  bar  stock  shown  at  M  are  used  for  the  same  purpose, 
are  intended  to  be  turned  by  a  large  monkey  wrench  or  by  ii 
ing  a  lever  or  pinch  bar  in  the  holes  provided  for  the  pi 
the  top  of  the  bar. 

Wheel  and  Gear  Pullers. — When  wheels  or  gears  have 
on  their  axles,  due  either  to  want  of  lubrication  or  to  grit,  ruat^^ 
special  forms  of  pullers  are  needed  to  remove  them  without  ii 
The  form  shown  at  Fig.  86,  A,  is  intended  to  be  used  on  gears 
have  threaded  holes  in  the  web  to  receive  the  screws  on  the 
of  the  cross  bar.  When  these  screws  are  properly  entered, 
sure  on  the  central  screw  will  draw  off  the  gear  from  the 
The  form  shown  at  B,  is  intended  to  be  passed  around  the 
or  pulley  to  be  removed,  as  it  Jias  arms  with  hooked  ends  to 
a  purchase  on  the  rim  of  the  gear.  The  central  screw  is  tui 
a  crank,  but  in  other  respects  its  action  is  similar  to  that 
at  A.  A  simple  form  of  wheel  puller  that  may  be  made  hf 
repairman  is  shown  at  Fig.  86,  C.  The  crossbar  is  forged 
piece  of  scrap  steel  and  i>rovided  with  a  series  of  holes 
spaced  each  side  of  the  boss.  This  is  drilled  and  tapped  to 
a  standard  1.125  inch  screw  pointed  at  its  lower  end  to  fit  ii 
center  hole  left  in  the  end  of  all  axles  or  shafts  that  are  finii 
turning.  The  arms  are  forgings  and  can  be  moved  back  and 
as  desired  on  the  puller  beam.  The  upper  end  of  the  puller 
are  provided  with  yokes  of  sufficient  size  to  permit  the 
drop  in  and  are  held  in  place  ])y  a  through  pin  which  can  be 
removed  to  i)erniit  the  arm  to  be  changed  from  one  hole  to 
according  to  the  size  of  the  object  to  be  removed. 

The  large  wheel  puller  shown  at  F,  is  practically  thte 
construction  ns  that  sliown  at  C,  except  that  it  is  more 
and  has  three  arms  instrnd  of  two.    The  advantage  gained 
construction  is  that  tlie  j)ressure  is  exerted  at  three  eqi 
points  and  ii  is  not  jx)ssible  for  the  puller  to  spring  sidewaji 
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pressare  is  applied  to  the  screw  as  sometimes  occurs  with 
:iro-armed  form.  The  beam  is  a  hea\7'  steel  forging,  the. arms 
Uch  are  drilled  with  a  number  of  holes  so  the  hook  members 
be  moved  to  aceommodate  various  sizes  of  work.  For  re- 
ing  wheels  from  live  axle  shafts,  as  is  necessary  on  all  non- 
iDg  rear  axles,  the  devices  shown  at  D  and  E  are  useful.  These 
practically  heavier  duplicates  of  hub  caps  provided  with  a  pres- 
I  screw  in  the  center  forced  in  against  the  axle  after  the  device 
irewed  on  the  wheel  hub.  The  body  castings  may  be  of  steel  or 
lie  and  even  malleable  or  cast  iron  may  be  employed.  The 
ler  shown  at  £,  has  a  minor  advantage  in  that  threads  may  be 
ight  closer  to  the  wheel  hub  by  screwing  the  clamping  bolt 
idi  tightens  the  body  portion  around  the  thread  should  that 
iber  be  a  trifle  undersized. 

The  wheel  puller  shown  at  G,  Fig.  86,  is  a  new  pattern  capable 
bndling  a  wade  range  of  work.  The  arms  are  heat-treated  steel 
I  forgings  and  can  be  quickly  adjusted  to  handle  work  as  wide 
ftirteen  inches.  For  small  pieces  such  as  pinions,  cams,  etc.,  of 
!  inches  diameter  or  less,  extension  arms  are  provided  to  enable 
I  to  exert  pressure  for  the  removal  of  the  small  piece.  The 
fer  screw  passes  through  a  threaded  block  into  which  the  bolts 
Bing  the  arms  in  place  screw.  As  each  arm  is  provided  with 
k  holes  and  as  they  are  capable  of  swinging  on  the  fulcrum-end 
lill  be  evident  that  a  large  variety  of  work  can  be  handled  with 
I  wheel  puller. 

tlypieal  Special  Tool  Equipment. — The  makers  of  all  the  popu- 
^tan,  especially  those  that  are  produced  in  any  quantity,  furnish 
|ial  tools  for  the  use  of  their  repairmen  or  for  those  employed 
he  service  stations  of  the  agents.  As  an  exami)le  of  the  special 
b  that  it  is  possible  to  obtain,  the  assortment  used  by  repairmen 
^ord  Model  T  cars  is  shown  at  Fig.  87.  Tlie  device  at  A  is  a 
fed  puller  designed  to  go  on  the  hub  in  place  of  the  hub  cap. 
toleration  it  is  the  same  as  the  form  shown  at  Fig.  SG,  D  and  E. 
k  tools  shown  at  Pig.  87,  B,  C,  D,  F,  G,  and  D-2,  form  part 
|k  regular  tool  equipment.  The  box  wrench  at  E  is  also  fur- 
lid  with  each  car  and  is  a  hub  cap  wrench  having  one  end 
jtod  to  fit  the  slabbed  portion  of  the  front  wheel  bi^ar'iwg 
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sting  cone  lock  nut.  A  valve  spring  lifter  is  shown  at  H,  while 
Ive  seat  reamer  is  shown  at  I.  The  valves  are  turned  while 
ling  by  the  special  brace  S,  which  can  be  used  on  all  of  the 
s  except  the  one  on  the  rear  cylinder,  which  is  immediately 
ar  the  dash  board.  To  turn  this  valve  the  special  wrench  shown 
,  is  provided.  A  special  T-handle  socket  wrench  for  handling 
ich  nuts  or  bolt  heads  such  as  used  on  the  rear  construction 
rarious  other  points  is  shown  at  J.  A  T-handle  screw-driver, 
ie  set  screws  which  are  employed  in  retaining  the  canLshaft 
logs,  is  shown  at  0.  The  puller  shown  at  E  is  for  removing 
am  gear  from  the  camshaft,  while  that  at  Q  is  a  transmission 
h  puller.  The  brace  shown  at  R,  is  a  special  socket  wrench 
i^inch  bolt  nuts.  The  brace  shown  at  T,  is  employed  for  re- 
ng  the  magnet-retaining  screws  in  tlie  magneto  assembly.  The 
pons  at  A-2,  the  tool  roll  at  B,  the  pump  at  D-1,  and  the  spark 
socket  wrench  at  D-2  are  all  parts  of  the  regular  tool  equip- 
.  famished  with  each  car. 

he  simple  fitting  shown  at  W,  is  a  piston  ring  compressor 
oyed  to  compress  the  rings  in  the  piston  grooves  to  facilitate 
assembly  in  the  cylinder  block.  A  number  of  special  socket 
dies  are  shown  at  X,  Y,  Z;  A-1,  C-1,  C-2  and  C-3.  These  are 
Dtended  for  use  on  the  various  fastenings  used  in  holding 
arts  together.  For  example,  that  at  X  is  a  socket  wrench  for 
!rankshaft  main  bearing  bolt  nuts.  That  at  Y  is  for  J^-inch 
heads  or  nuts.  The  wrench  at  Z  is  for  removing  the  cylinder 
retaining  bolts.  The  wrench  for  removing  the  pinion  drive 
t  housing  retaining  stud  nuts  is  shown  at  C-1,  this  being  used 
f(-inch  nuts.  The  rear  axle  housing  bolt  nut  wTcnch  is  shown 
!-2,  while  the  form  outlined  at  C-3  is  similar  to  that  shown 
-1  except  that  it  fits  11/32-inch  nuts.  The  special  end  wrench 
I,  is  for  the  flywheel  retention  cap  screws,  that  at  U,  is  for 
•ring  the  large  cam  gear  lock  nut  while  that  at  B-1  is  a  regular 
lend  wrench  for  J^-inch  nuts.  The  prices  on  these  tools  are 
•w  that  it  is  cheaper  to  purchase  from  the  factory  than  to  at- 
pl  to  make  them. 

hdi  and  Supplies  Itemized. — The  following  lists  are  presented 
tgnide  for  the  novice  repairman  or  motorist  who  wishes  to  make 
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his  own  repairs  and  enumerate  the  most  important  of  the  tool 
essary  in  automobile  repairing  and  the  supplies  most  gei 
used  in  restoring  defective  mechanism.  It  is  not  possible  to  ei 
ate  all  tools  that  can  be  used  to  advantage  as  their  num 
legion.  However,  selections  of  those  needed  can  be  made  fn 
lists  for  the  regular  tool  equipment  and  can  be  augmem 
conditions  dictate.  The  wider  the  range  of  work  the  shop 
attempt,  the  more  complete  the  tool  and  supply  stock  mi 

TOOLS  FOR  THE  REPAIR  SHOP. 
Hamm  EBS : 

Blacksmith's  hammer — 4%  lb.  head. 
Blacksmith's  sledge — 10  lb.  head,  short  handle. 
Blacksmith's  sledge — 20  lb.  head,  long  handle. 
Machinist's  ball  pein  hammers — 1  lb.  head,  2  lb.  head. 
Machinist's  ball  pein  hammers — %  lb.  head. 
Machinist's  straight  pein  hammers — 4  oz.  head. 
Wooden  or  Rawhide  Mallet. 
Lead  or  Babbitt  hammer. 

Wrenches  : 

Ratchet  Handle  Socket  Wrench  Set. 

Six-inch  Stillson  wrench.  I 

Twelve-inch  Stillson  wrench. 

Eighteen-inch  Stillson  wrench. 

Six-inch  Goes  or  other  monkev  wrench. 

Twelve-inch  Goes  or  other  monkey  wrench. 

Eighteen-inch  Goes  or  other  monkey  wrench. 

Set  of  double  end  S  wrenches. 

Assorted  Spanner  wrenches. 

Bicycle  wrench,  small  4  inches. 

Narrow  jaw  monkey  wrench,  8  inches. 

Bemis  and  Gall  Adjustable  end  wrench,  6  inches. 

Bemis  and  Gall  Adjustable  end  wrench,  8  inches. 

Spark  plug  socket  wrench. 

Small  hand  vise. 

Pliers,  etc.: 

Gombination  pliers,  6  inches,  10  inches. 
Side  cutting,  parallel  jaw  pliers. 
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i^eeUl  anti-skid  chain  pliers. 

Tiie  casing  cut  repair  pliers. 

CSotter  pin-pliers. 

Piston  ring  expanding  pliers. 

Tinner's  snips. 

HesTy  shears. 

Boh  entter. 

DsiTEBS: 

Jeweler's  small  screw  driver. 
Six-inch  screw  driver,  ^-inch  width  blade. 
Ten-inch  screw  driver,  %-inch  width  blade. 
Twelve-inch  screw  driver,  %-inch  blade. 
T  handle  * '  Bulldog ' '  screw  driver. 

iXEors  Tools: 

Wheel  pollers,  valve  spring  lifters,  etc. 

Breast  drill,  two-speed. 

Valve  seat  reamers,  valve  head  truing  cutters. 

Hand  drill,  one-speed. 

Beit  punch. 

Bit  brace,  ratchet  and  bits. 

Carpenter  *s  cross  cut  saw. 

Hacksaw  frame  and  extra  saws  for  tubing  and  bar  stock. 

Bitebet  drill  set. 

Oasoline  blow  torch. 

Bpring  winder,  chassis  spring  spreader. 

Berapers  (carbon). 

Stripers  (bearing). 

Jack  plane  and  wood  chisels. 

8ct  of  number  drills. 

Wire  scratch  brush,  putty  knife. 

Bet  of  taps  and  dies — S.  A.  E.  standard. 

B«t  of  taps  and  dies — metric  standards  (foreign). 

fct  of  taps  and  dies — American  standard. 

Soldering  irons — large,  medium  and  small. 

ict  of  straight  and  taper  hand  reamers. 


nc. 


T»el?e-ineh  bastard  cnt,  flat. 
'■•iTe-ineh  hmsUrd  cut,  hmJf  round. 
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Files,  etc. — Continued: 

Ten-inch  bastard  cut,  round. 
Ten-inch  bastard  cut,  square. 
Ten-inch  bastard  cut,  three-cornered. 
Eight-inch  second  cut,  flat. 
Eight-inch  second  cut,  half  round. 
Eight-inch  finishing  cut,  flat. 
Eight-inch  finishing  cut,  half  round. 
Eight-inch  finishing  cut,  rat  tail. 
Eight-inch  finishing  cut,  three-cornered. 
Six-inch  finishing  cut,  flat. 
Six-inch  finishing  cut,  rat  tail. 
Set  of  file  handles  and  file  brush. 
Small  and  large  oil  stones. 

Chisels,  etc.: 

Cape  chisels — small,  medium  and  large. 

Chipping  chisels — small,  medium   and  large. 

Round  nose  chisels — small,  medium  and  large. 

Diamond  point  chisels — small,  medium   and  large. 

Center  punches — small,  medium   and  large. 

Drift  pins— Me,  %,  %6,  ^,  ^10,  %,  Vi,  %  and  %.inch  point. 

Cotter  pin  puller. 

Set  of  straight  and  offset  scribers. 

Heasubinc  Tools: 

Carpenter's  and  machinist's  tri-squares — small  six-inch,  large  1 

four  inch. 
Machinist's  twelve-inch  flexible  scale,  six-inch  scale,  2-inch  seal 
Carpenter's  two-foot  folding  rule. 
Caliper  rule. 

Combination  square  and  protractor,  IS-inch  scale. 
Spirit  level,  cross  level. 

External  micrometers,  one,  two,  three  and  6-inch  with  extension 
Internal  micrometer,  with  extension  pieces. 
Thread  gauge. 

Hermaphrodite  calipers — small,  medium  and  large. 
Small  internal  calipers. 
Large  internal  calipers. 
Small  external  calipers. 
Large  external  calipers. 
Spring  dividers,  small  and  medium. 
Friction  joint  dividers,  large. 
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Be^ch  Equipment: 

Medium  size  pipe  vise. 
"LATge  swivel  vise. 
Mediam  swivel  vise. 
Surface  plate. 
Small  bench  anvil. 
Machinist's  clamps. 
C  clamps — large,  medium  and  small. 
[  Straight  edge  and  surface  gauge. 

Pyrene  fire  extinguisher. 
Angle  bender. 


ELECTRICAL   EQUIPMENT 

Extension  lamps  with  wood  handle  and  steel  cage.  ^ 

Electric  breast  drill. 

Storage  battery-  charging  means;   Rheostat,  lamps  or  recti 

8till  for  making  pure  water. 

Voltmeter  for  testing  storage  batteries. 

Ammeter  for  testing  dry  cells. 

Hydrometers  and  hydrometer  syringes. 

Acid  bottles  and  electrolyte  crocks. 

Extra  strap  connections,  wing  nuts  and  lead  bolts. 

Torch  for  lead  burning. 


TIRE    REPAIR    MATERIAL 

Vnlcanizer  for  casings. 

Molds  for  same. 

Vnlcanizer  for  tubes. 

Acid  cure  or  cold  vulcanizing  set. 

Stock  outfit  for  vulcanizing  and  patching,  rubber,  canvas,  ( 

Bobber  cements,  cut  fillers,  etc. 

Air-compressor  outfit. 

Jacks,  two  of  each  size,  large,  medium. 

Tire  irons,  special  rim  tools. 

Valve  tools,  air  pressure  gauge. 

Extra  valves  and  valve  parts. 

Casing  air  bags  or  coil  springs  for  use  when  vulcanizing. 

Inner  tube  patches,  inside  and  outside  casing  blowout  sleev< 
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Movable  and  wall  benches. 

Wheeled  trucks,  special  jacks,  trestles,  etc. 

Oil  separator  and  filter. 

Sixty-gallon  oil  tanks,  with  pumps. 

Small  tanks  for  kerosene,  alcohol,  cutting  oil,  etc. 

Gasoline  storage  system,  100  gallons  or  larger. 

Oil  cans,  oil  and  grease  guns. 

Covered  cans  for  waste,  oily  rags,  and  rubbish. 

Pails  of  sand  and  chemical  extinguishers  for  fire. 

Overhead  washer,  hose  and  faucets. 

Washing  materials,  soaps,  sponges,  chamois,  etc. 

Water  heater. 

Potash  kettle,  babbitt  melting  pot. 

Drains,  traps,  etc.,  according  to  law. 

Lightstand  for  night  work  on  oars. 

Block  and  tackle,  chain  hoists,  etc. 

Overhead  trolley  track  or  portable  crane. 

Turntable  or  substitute. 

Steel  or  wooden  lockers. 

Oil  drip  pans  for  floors. 

Dustbrush,  floor  broom,  whisk  broom. 

Water  pails,  quart  and  gallon  measures,  funnels. 

Brazing  forge. 

Autogenous  welding  outfit. 

Carbon-removing  outfit. 

Blacksmith  *»  forge  and  blower. 

Post  drill  press  and  drills. 

Five  hundred  pound  anvil  and  block. 

Quenching  tank,  forge  coal  box. 


REPAIR    SHOP    SUPPLIES 
Class  A — Hardware  Stock. 

Round  cold-rolled  steel  rods,  14,  f^io,  %,  Vl»  inch. 

Round  machinery  steel  bars,  %,  %,  %,  1,  IVi  inch. 

Flat  band  iron  and  steel,  assorted  sizes  as  needed. 

Drill  rod,  assorted  sizes. 

Black  sheet  iron,  sheet  brass  and  copper,  assorted  gauges. 

Tinned  and  galvanized  iron  sheets. 

Tool  steel,  for  lathe  and  planer  tools. 
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A— Habdwabe  Stock — Continued: 

itock  in  bars,  %,  9ie,  %,  %-ineh  square. 
'  thin  copper  or  brass  for  shims. 

bronae  bars,  for  bushings,  assorted, 
tt  or  Magnolia  metal  ingots, 
copper  and  iron  wire,  14,  16,  18,  20  gauge. 

and  phosphor  bronze  wire,  for  springs, 
wire  solder;  half  and  half  solder;  hard  solder, 
ig  spelter,  granulated  and  in  wire. 
ess  steel  tubing,  sizes  as  needed. 

and  copper  tubing,  sizes  as  needed. 

Jed  seamless  copper  tubing  for  fuel  and  gas  liuus — %,  ^e^  %  inch. 
Tssion  couplings  for  copper  tubing,  ells,  tees,  unions,  etc. 
ly  iron  and  copper  rivetd  and  burrs,  assorted, 
ed  iron  washers— %,  ^^,  %,  ^^,  %,  ^e,  %-inch  holes, 
and  nuts,  assortment  of  standard  sizes, 
pins  and  lock  washers,  assortment. 
!rews,  stove  bolts,  carriage  bolts,  assortment, 
screws,  round,  flat  and  oval  head,  blued  steel,  brass  and  nickel, 
n^ws,  brads,  nails,  escutcheon  pins,  upholsterer's  tacks. 
rews,  taper  pins,  lock  nuts,  assortment, 
nff  keys  and  cutters,  assortment. 
b  brass  pipe,  other  sizes  as  needed, 
ird  brass  fittings,  %-inch  pipe  size,  ells,  tees,  unions,  pet  cocks,  etc* 

Class  B — Miscellaneous  Supplies. 

r,  three  grades — fine,  medium  and  coarse. 

I,  grindstone  dust,  ground  glass,  corborundum. 

I  elotch,  emery  cloth,  sand  paper,  assortment. 

oil  for  cutting,  cutting  compound. 

cants:  cylinder  oil — light  medium,  heavy. 

cants:  machine  oil,  three-in-one,  cup  grease,  graphite. 

cants:  special  grease  for  transmissions  and  ball  bearings. 

er  matting  and  linoleum  for  fioor  boards,  etc. 

molding,  for  running  boards,  etc. 

felt,  assortment  felt  oil  retaining  washers. 

tabes  and  rods,  as  needed. 

bard  rubber,  black  or  red  fiber,  assorted  thicknesses. 
f  brown  paper  and  light  cardboard  for  packings. 

asbestos,  mobiline,  for  packings. 

mbber  packings  for  water  joints  and  pump  covers. 
(08  cord,  candle  wicking,  hemp  packing. 
■bber  XvtbiBg  for  gaa  line,  ^g,  ^g-incb  hole. 
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Class  B — ^Miscellaxbous  Supplies — C'<>n/ifiM»f: 

Bobber  steam  bose  for  water  connections. 

Assorted  hose  clamps. 

Assorted  copper-asbestos  gaskets  and  packings  for  popular  cars. 

Spark  plugs,  V^-inch  Briggs  pipe,  metric  and  S.  A.  E.  standard. 

Dry  batteries,  6x2%  inch,  and  connecters. 

Aluminum  solder  and  flux. 

Sheet  celluloid  for  top  windows. 

Primary  and  secondary  cables,  terminals,  etc. 

Circular  loom,  electrical  tape,  insulating  varnish. 

Bound  and  flat  leather  belts  and  lacings. 

Coil  spring  fan  and  oiler  belts,  couplings. 

Spring  clips,  oil  and  grease  cups,  compression  relief  cocks. 

Waste  and  cleaning  cloths. 

Class  C — Chemicals,  Paints,  etc. 

Carbon  tetrachloride,  benzine,  rust  remover. 

Grain  alcohol,  white  and  orange  shellac. 

Body  polish,  metal  polish,  varnish,  black  enamel. 

Black  asphaltum  paint,  stove  polish,  exhaust  pipe  black. 

Pearl  gray  cylinder  enamel,  other  colors  as  needed. 

Aluminum  powder  and  banana  oil  lacquer. 

Bubber  cements,  smooth-on  for  metal,  glue  for  wood. 

Taicum  powder,  borax,  fuller's  earth. 

Putty,  fire  clay,  asbestos  cement. 

Kerosene,  wood  alcohol,  gasoline,  acetone. 

Parafiine  wax,  beeswax,  tallow,  resin. 

Proprietary  welding,  brazing  and  soldering  fluxes. 

Calcium  chloride  and  glycerine,  for  anti-freeze  compounds. 

Wood  alcohol,  for  antifreeze  compounds. 

Potash  or  lye,  sal-ammoniac,  washing  soda. 

Muriatic  acid  (soldering  fluid),  hydrofluoric  acid  (for  marking  tools). 

Copper  sulphate  solution  for  coppering  steel  or  iron  before  marking. 

Sulphuric  acid  (chemically  pure)  and  distilled  water. 


CHAPTER  III, 

OVEBHAULINO  THE  GASOLINE  ENGINE 

aking  Down  the  Motor — Examination  and  Marking  of  Parts — ^Defects  in 
Cylinders— Carbon  Deposits,  their  Cause  and  Prevention — Use  of  Carbon 
Scrapers — Denatured  Alcohol — Burning  Out  Carboa  with  Oxygen — How 
Oxygen  is  Produced — Repairing  Scored  Cylinders — How  to  Bepair 
Cracked  Water  Jacl^et — ^Inspecting  Cylinder  Packings — ^Valve  Removal 
and  Inspection — Reseating  and  Truing  Valves — Valve  Grinding  Proc- 
esses— Depreciation  in  Valve  Operating  System — Piston  Troubles — Re- 
moving Piston  Stuck  in  Combustion  Chamber — Piston  Ring  Removal 
and  Inspection — Fitting  Piston  Rings — How  Wristpins  are  Held — Wrist- 
pin  Wear — Inspection  and  Refitting  of  Engine  Bearings — Adjusting 
Main  Bearings — Crankpin  Restoration — Scraping  Brasses  to  Fit — Con- 
necting Rod  Bearings — Testing  Bearing  Parallelism — ^Ball  Bearing 
Crankshafts — Camshafts  and  Timing  Gears — Valve  Timing  Methods — 
Sleeve  Valve  Motors — Eight-Cylinder  V  Motors — Precautions  in  Re- 
assembling Parts — L<$Ose  Flywheels — Two-Cycle  Motors. 

ilANY  car  owners  recognize  the  value  of  having  the  car  over- 
hauled before  the  inception  of  the  active  riding  season  when  cli- 
matic conditions  are  not  favorable  to  the  continual  operation  of  the 
car.  In  those  portions  of  the  country  where  cars  may  be  kept 
in  operation  all  the  year  round,  a  certain  time  each  year  should  be 
set  apart  for  giving  the  car  a  thorough  looking  over  with  a  view 
of  determining  the  points  where  depreciation  exists,  and  the  best 
methods  of  remedying  the  defective  condition.  The  wise  motor- 
ist realizes  that  this  work  of  restoration  is  absolutely  necessary, 
if  continued  satisfactory  service  is  to  bf  expected  from  the  car. 
The  motorist  who  shuns  the  expense  of  having  the  machine  looked 
over  and  who  operates  it  as  long  as  the  various  parts  function,  is 
generally  the  one  who  is  loudest  in  the  condemnation  of  the  auto- 
mobile. In  this  chapter,  the  writer  proposes  to  discuss  the  various 
steps  incidental  to  overhauling  gasoline  engines  of  various  typ^ 
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and  in  order  to  do  this  in  a  way  that  will  be  of  value  to  the  motor 
ist  or  novice  repairmen  it  is  necessary  to  treat  of  the  various  part 
in  logical  sequence.  Tlie  suggestions  given  are  all  based  on  a  practi 
cal  experience  with  the  repair  of  automobiles  and  nothing  o 
doubtful  value  will  be  described. 

Taking  Down  the  Motor. — In  order  to  look  over  the  part 
of  an  engine  and  to  restore  the  worn  or  defective  components  it  i 
necessary  to  take  the  engine  entirely  apart  as  it  is  only  when  th 
power  plant  is  thoroughly  dismantled  that  the  parts  can  be  in 
spected  or  measured  to  determine  defects  or  wear.  If  one  is  no 
familiar  with  the  engine  to  be  inspected,  even  though  the  wor 
is  done  by  a  repairman  of  experience,  it  will  be  found  of  valu 
to  take  certain  precautions  when  dismantling  the  engine  in  orde 
to  insure  that  all  parts  will  be  replaced  in  the  same  position  the; 
occupied  before  removal.  There  are  a  number  of  ways  of  ident: 
fying  the  parts,  one  of  the  simplest  and  surest  being  to  mark  thei 
with  steel  numbers  or  letters  or  with  a  series  of  center  punch  marls 
in  order  to  retain  the  proper  relation  when  reassembling.  Thi 
is  of  special  importance  in  connection  with  dismantling  multipl 
cylinder  engines  as  it  is  vital  that  pistons,  piston  rings,  connectin 
rods,  valves,  and  other  cylinder  parts  be  always  replaced  in  th 
same  cylinder  from  which  they  were  removed,  because  it  is  uncon 
mon  to  find  equal  depreciation  in  all  cylinders.  Some  repairme 
use  small  shipping  tags  to  identify  the  pieces.  This  can  be  criticize 
because  the  tags  may  become  detached  and  lost  and  the  identity  o 
the  piece  mistaken.  If  the  repairing  is  being  done  in  a  shop  wher 
other  cars  of  the  same  make  are  being  worked  on,  the  repairma: 
should  be  provided  with  a  large  cliest  fitted  with  a  lock  and  ke; 
in  which  all  of  the  smaller  parts,  such  as  rods,  bolts  and  nuU 
valves,  gears,  valve  springs,  camsliafts,  etc.,  may  be  stored  to  pre 
vent  the  possibility  of  confusion  with  similar  members  of  othe 
cars.  All  parts  sliould  be  thoroughly  cleaned  w4th  gasoline  o 
in  the  potash  kettle  as  removed,  and  wiped  clean  and  dry.  Thi 
is  necessary  to  show  wear  which  will  be  evidenced  by  easily  identi 
fied  indications  in  cases  where  the  machine  has  been  used  for 
time,  but  in  others,  the  deterioration  can  only  be  detected  by  deli 
eate  measuring  instruments. 
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typical  finir  cylinder  tiiitunioliilc  nmtur  is  sliown  at  Fig.  88, 
all  parts  in  place,  in  taking  ilnwn  a  mutor  the  smaller  parts 
fittiiiss  such  Hs  spark  pltigK.  nianifnlils  aiul  wiring  siiouUI  be 
tkI  first.  Then  thp  more  iniimrtant  niMiihcrw  Kiicii  us  cylinders 
W  iviuuvi-.l  fnini  thi'  craiikcHse  id  give  access  to  tiie  interior 


n|,  88. — View  of  Vyplcal  Four  Cylinder  Automobile  Powei  Plant 

I  make  possible  the  examination  of  flie  pistons,  rings  and  enn- 
ting  mds.  After  the  cylinders  are  rcmovoi!  the  next  op:'i-iition 
»  diseonnwt  the  connecting  rods  from  tlii'  crjinksiiat't  and  to 
iwe  fliem  anil  the  pistons  attached  as  a  unit.  Then  tlie  crank- 
)i(  disini-niliered,  in  most  eases  by  removing  thi'  b^ittuni  plate. 
iKposin^  the  main  bearings  and  cranksliaff.  Tin-  lirst  opcra- 
lii  thf  removal  of  the  inlet  and  exliaust  niaiilfulds.  next  mir 
onples  the  water  piping  from  the  nitiintor.    Then-  an'  vi\v\mvs 
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methods  of  fastening  manifolds  on  the  cylinder  casting,  the 
common  being  by  retaining  stimips  as  shown  in  engine  a1 
88,  or  by  flanges  and  bolts  as  outlined  in  illustrations  of  ei 
at  Fig.  89.  As  will  be  evident,  where  cylinders  are  of  the  T 
form  with  valves  on  opposite  sides  of  the  cylinder  casting 
bolt  and  flange  system  is  generally,  used.  On  L-head  motors,  ^ 
the  valves  are  in  the  same  extension  of  the  cylinder  casting 
bolt  and  stirrup  retention  method  is  generally  followed.  One 
safely  say  that  engines  of  low  and  moderate  priced  cars,  bei 
the  L-head  form  will  have  the  manifold  retained  by  stirrupi 
bolts,  whereas  the  T-head  power  plant  of  the  larger  and  h 
priced  cars  will  use  tlie  bolted  manifold  construction. 

It  is  now  common  practice  to  cast  all  cylinders  together,  1 
of  four  being  very  common  and  blocks  of  six  are  not  rare  ei 
to  cause  comment.  In  some  cases  the  manifolds  are  cored  int 
with  the  cylinder  casting  and  it  is  merely  necessary  to  re 
a  short  pipe  leading  from  the  carburetor  to  one  inlet  openinf 
the  exhaust  pipe  from  the  outlet  opening  common  to  all  cylii 
In  order  to  remove  the  carburetor  it  is  necessary  to  shu 
the  gasoline  supply  at  the  tank  and  to  remove  the  pipe  cou; 
at  the  float  chamber.  It  is  also  necessary  to  disconnect  the  thi 
operating  rod.  After  the  cylinders  are  removed  and  before  ti 
the  crankcase  apart  it  is  well  to  remove  the  water  pump,  mag 
and  mechanical  oiler  if  that  system  of  lubrication  is  used, 
wiring  on  most  engines  of  modern  development  is  carried  in 
duits  and  usually  releasing  two  or  three  minor  fastenings 
permit  one  to  take  off  the  plug  wiring  as  a  unit.  The  wire  shea 
disconnected  from  both  spark  plugs  and  magneto  distributa 
fore  its  removal.  The  appearance  of  the  engine  shown  al 
bottom  of  Fig.  89,  after  the  magneto  ignition  \^^ring,  spark  ] 
and  front  of  timing  gear  case  are  removed  is  shown  at  Fig.  9 
The  next  operation  in  dismantling  this  engine  is  to  take  of 
four  nuts  holding  the  induction  manifold  to  the  cylinder  cas 
and  when  the  manifold  is  removed  the  carburetor  comes  wil 
The  appearance  of  the  engine  after  this  has  been  done  is  d 
at  Fig.  91,  B.  The  next  parts  to  be  taken  off,  the  cylinder  cast 
are  shown  shaded  in  this  view.    The  appearance  of  this  engine  < 
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Tig-   iio. — Viewa  ot  Overlniid  Model  )S*2  Six  Cjrlinder  Uotor 
Typical  Block  tlolot  llesi^w. 
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the  cylinders  have  been  removed  is  clearly  indicated  at  Fig.  9! 
In  this  case  the  magneto  or  water  pump  has  not  been  disturber 
The  pistons,  piston  rings,  and  connecting  rods  are  clearly  expose 
and  their  condition  may  be  readily  noticed. 

Before  disturbing  the  arrangement  of  the  timing  gears,  it  : 

important  that  these  be  marked  so  that  they  will  be  replaced  i 

exactly  the  same  relation  as  intended  by  the  engine  designer.    ] 

the  gears  are  properly  marked  the  valve  timing  and  magneto  se 

ting  will  be  nndisturbed  when  the  parts  are  replaced  after  ovei 

hauling.    When  an  engine  has  been  taken  down  to  the  point  show 

at  Fig.  92,  it  is  possible  to  ascertain  if  there  is  any  undue  wea 

present  in  the  connecting  rod  bearings  at  either  the  wrist  pin  c 

crank  pin  ends  and  also  to  form  some  idea  of  the  amount  of  carbo 

deposits  on  the  piston  top  and  back  of  ttie  piston  rings.    Any  wea 

of  the  timing  gears  can  also  be  determined.    The  removal  of  th 

bottom  plate  of  the  engine  enables  the  repairman  to  see  if  th 

main  bearings  are  worn  unduly.    Often  bearings  may  be  taken  u 

sufficiently  to  eliminate  all  looseness.    In  other  cases  they  may  b 

worn  enough  so  that  careful  refitting  will  be  necessary. 

All  engines  are  not  of  the  type  shown  at  Figs.  88  and  89.  Whei 
the  crankcase  is  divided  horizontally  into  two  portions,  the  uppe 
one  serving  as  an  engine  base  to  which  the  cylinders  and  in  isx 
all  important  working  parts  are  attached,  the  lower  portion,  pei 
forms  the  functions  of  an  oil  container  and  cover  for  the  intenu 
mechanism.  There  is  a  tendency  on  the  part  of  modern  designer 
to  combine  the  cylinders  and  a  portion  of  the  crankcase  in  on 
casting,  using  a  detachable  cylinder  head  construction  in  order  t 
permit  valve  grinding  and  carbon  removal  without  taking  the  engin 
out  of  the  cliassis  frame.  The  connecting  rods  and  pistons  ma 
also  be  removed  where  this  construction  is  followed  through  th 
opening  left  after  the  detachable  cylinder  head  is  removed.  I 
the  engine  shown  at  Fig.  93,  not  only  the  cylinders  but  practical! 
the  entire  engine  crankcase,  except  for  the  plate  closing  the  Ik)1 
torn  is  cast  in  one  unit.  It  will  be  evident  that  tiie  removal  (] 
the  bottom  plate  and  cylind(T  head  will  provide  access  to  th 
interior  of  the  motor.  Attention  is  directed  to  the  inlet  m'd\\K^^\ 
coustruetJoA   which  Is  cored  hi  the  oylhuler  block.     T\\v^  e\\\v\\ 


192  Automobile  Repcdring  Made  Easy 


hLET 


CYUftpetr  3locks 


manifold  however,  is  a  separate  casting  secured  to  the  c 
block  in  tlic  usual  way. 

The  important  parts  of  an  engine  of  the  conventiooi 
cylinder  pattern  where  the  cylindera  are  oast  in  pairs  are 
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It  Fig.  !>4,  ami  Iheir  appfarunce  niay  bo  readily  noted. 
le  evident  that  when  tlie  hottom  of  the  cninkcasv  Is  removed 
ikshaft  is  exposid  and  the  main  bearing  caps  may  be  re- 
<y  iiiisen-wing  the  bearing  eiip  n'tenlion  bolts.  A  ninnber 
s  of  typical  engines  are  also  indicated  at  Fig.  !).">.  Tbe 
A.  Nhous  the  appearance  of  the  UHiial  arrangement  of  the 


fnrov  ,f:Kss 


—View  of  Automobile  Engine  witb  Crlindeis  Removed  to  Expose 
«ns  and  Connecting  Bod  and  wltb  Timing  Gear  Case  Taken  Off 
Ezpose  Gearing. 


Mn^  when  cylinders  of  tlie  T-head  form  iin?  employed. 
h;'  s'pparent  one  liirgc  gear  is  earriid  tiy  each  eanisliiift, 
iM  l;iriii'd  by  a  pjnion  of  half  their  si/e  on  the  eraiiksbaft. 
L^iil  of  retaining  tiie  timing  gear  varios  with  the  eon- 
I  of  tjii*  engine.  In  the  form  sliowii  at  A,  tin-  gears  an; 
tli'  f^iiiigeil  camshaft  end  by  three  si|narc  head  ea|)  serews 
•e  wired  together  to  jireveut  loosi'niiig.  In  the  eoustrue- 
ra  Jit  Fip.  n2,  the  eamshaft pears  are  sccni'cly  helil  l)v  ImiT 
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castellated  retention  nuts  which  screw  on  studs  projectii 
the  camshaft  fiange  end.  The  smaller  gears,  such  as  the  i 
drive  and  pump  drive  are  usually  held  by  a  key  which  is 
a  taper  shaft  and  the  gears  are  tightly  clamped  on  the  t^ 
substantial  clamping  nuts. 


EXHAUST  *J*i  V£ 
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Fig.  93. — End  Sectional  View  of  Lewis  Six  Oyliader  Motor  S 
Unconventional  Construction  in  WUch  Cyllnden  and  Onui 
U0  FQim^  ZntegraL 
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Attention  has  been  previously  called  to  the  necessity  of 
ing  the  timing  gears.  The  manner  in  which  this  can  be  i 
clearly  indicated  at  Fig.  95,  B.  It  will  be  seen  that  the 
shaft  gear  is  provided  with  two  figures,  "1"  and  "1,"  oppoe 


GamshaffGearsyn 


CranfMaft 


tain  teeth.  The  camshaft  drive  gear  is  provided  with  a  no: 
to  indicate  the  space  that  the  tooth  marked  1  on  the  crankshf 
should  occupy.  Similarly  the  intermediate  gear  which  tn 
motion  to  the  magneto  drive  gear  is  marked  with  a  2  and  • 
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correspond  to  the  correspoadiDg  inimeraU  on  the  crank- 
■ear  and  member  driving  the  magneto  armature.  At  C, 
,  is  shown  s  group  of  the  important  internal  parts  of  the 
These  are  plainly  marked  and  should  be  readily  recognized 
I  the  noWce.  At  Fig.  93,  D,  a  typical  piston  and  conriecttug 
^nibly  is  depicted.  In  this  view,  the  parts  are  also  identified 
rther  description  is  unnecessary. 


L  /f^TOtnON SOLTS 
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K. — IiOver  Portion  of  Engine  Bus  Bemoved  to  Show  Cruiksluft 
and  AcceulblUty  of  Main  Be&rings. 


e  illustration  at  Fig,  96,  is  that  of  the  crnnkcasc  shown  at 
2,  as  it  looks  wlien  viewed  from  the  bottom  after  the  lower 
D  of  the  crankcase  has  been  removed.  As  will  be  apparent, 
lain  hearing  capa  that  hold  the  cranksliaft  in  place  may 
eased  by  taking  off  the  retention  nuts  and  the  connecting 
taring  caps  which  keep  these  members  attached  to  the  crsiuk 
tre  also  exposed  for  inspection. 

■ome  multiple  cylinder  engines  the  cylinders  lire  cast  indi- 
Df  and  instead  of  the  crankabaf/  having  three  main  bearings, 
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as  in  the  engine  shown  at  Fig.  96,  it  has  five  main  bearini 
indicated  in  the  sectional  view  of  the  Overland  engine  a 
at  Fig,  97.  When  the  cylinders  are  cast  individually  it  is  pa 
to  replace  a  defective  cylinder  without  sacrificing  the  remaind 
is  imperative  if  the  cylinders  are  cast  in  block.    Individual  cylii 


Fig.  97.— Longitudinal  Ssctlonal  View  at  Ovoduid  Fonr  OyUnda  Mi 
m  Typ«  Having  Individual  Cylinder  Castings  and  &  Flv«  Bm 
Ciankabaft. 

are  more  easily  handled,  but  where  these  are  used  it  is  ahecd 
necessary  to  mark  them  so  that  they  will  always  be  replaa 
proper  position.  In  most  cases,  the  cylinders  are  duplicat 
each  other  and  if  tliey  were  not  marked  it  would  not  be  diJ 
to  transpose  them  on  the  engine  base,  an  undesirable  procM 
In  order  to  familiarize  the  motorist  or  novice  repairmu 
engine  eonatructiou  a  side  sectional  view  of  a  typical  pcnvw ; 
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the  pomtioD  it  occupies  in  the  car  frame  is  shown  at  Fig.  98, 
lile  a  front  sectional  view  is  shown  at  Fig.  99.  This  engine  is  a 
a  cylinder  T-head  form  and  is  the  same  as  that  outlined  in  illus- 
itions  at  Fig.  90,  which  clearly  indicate  the  external  appearance 
the  power  plant.  The  various  important  parts  are  indicated 
id  should  be  easily  identified  when  working  on  engines  of  this 
pe.    One  of  the  most  widely  used  of  automobile  power  plants 


^TtK/iAfiiroio 
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If.  98. — LongltiKUiul   Sectional  Tlew  of  Locomoblls  Four   Cylindtr 
Motor  WUcb  Hu  C7UiUlaTS  Cast  In  Pain  and  a  Ttaieo  Baaring 


d  one  that  practically  all  repairmen  will  have  occasion  to  work 
at  some  time  or  other  owing  to  the  thousands  in  use  in  all 
rts  of  the  world  is  that  employed  on  the  Ford  Model  T-automo- 
B.  This  power  plant  ia  shown  in  part  sectional  view  at  Fig. 
).  It  is  a  unit  power  plant,  as  the  planetary  change  speed  gear- 
;  is  carried  in  an  extension  of  the  engine  crankcase.  The  four 
inders  and  opper  portion  of  the  crankcase  are  cast  as  a  \m\\.. 
e  cylinder  bead  ia  removable.    One  of  the  novelties  o£  conslTttti- 
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tion  in  this  motor  is  the  use  of  a  flywheel  magneto,  the  i 
member  carrying  a  series  of  U-shaped  magnets  which  revol 
a  series  of  fixed  field  coils  attached  to  a  plate  which  di 
rotate  on  account  of  being  bolted  to  the  engine  cranhcasc 
general  construction  of  the  engine  may  be  readily  asce 
by  careful  inspection  of  the  illustration. 

Defects  in  'Cylinders. — Aft«r  the  cylinders  have  been  n 
and  stripped  of  all  fittings,  they  should  be  thoroughly  clean 
then  carefully  examined  for  the  defects  enumerated  at  Fi 
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Qterior  or  bore  should  be  looked  at  with  a  view  of  finding 
marks,  grooves,  cuts  or  scratches  in  the  interior,  because  there 
any  faults  that  may  be  ascribed  to  depreciation  at  this  point, 
ylinder  bore  may  be  worn  out  of  round,  which  can  only  be 
ained  by  measuring  with  an  internal  caliper  or  dial  indicator 
f  the  cylinder  bore  shows  no  sign  of  wear.    The  flange  at  the 
Q  of  the  cylinder  by  which  it  is  held  to  the  engine  base  may 
icked.     The  water  jacket  wall  may  have  opened  up  due  to 
Dg  of  the  jacket  water  at  some  time  or  other  or  it  may  be 
with  scale  and  sediment  due  to  the  use  of  impure  cooling 
The  valve  seat  may  be  scored  or  pitted,  while  the  threads 
ig  the  valve  chamber  cap  may  be  worn  so  that  the  cap  will 
J  a  tight  fit.    The  cylinder  described  is  an  individual  casting 
5  L-head  form  having  integrally  cast  water  jacket, 
her  forms  of  unit  cylinders  have  been  evolved,  one  of  the 
widely  used  being  that  of  the  four  cylinder  Cadillac  engines, 
is  shown  at  Fig.  102.     This  incorporates  several  novelties 
istruction,  one  being  the  applied  sheet  copper  water  jacket, 
:her  being  the  detachable  cylinder  head  casting  which   is 
?d  down  against  the  top  of  the  copper  water  jacket  and  held 
ce  on  the  cylinder  by  an  externally  threaded  close  nipple, 
dvantages  that  were  claimed  for  this  construction  are  easy 
ement  of  one  defective  cylinder  assembly  part  without  scrap- 
e  rest.    For  example,  when  the  cylinder  construction  shown 
.  101  is  used,  if  the  cylinder  bore  is  badly  scored,  the  entire 
I  must  be  thrown  away,  even  though  the  water  jacket,  com- 
1  and  valve  chambers  are  in  perfect  condition.     With  the 
ac  construction,  should  the  water  jacket  be  faulty  it  is  impos- 
o  repair  this  easily  owing  to  the  material  employed  or  to 
*  it  if  repairs  are  not  practical.    If  the  cylinder  should  be 
,  the  water  jacket  and  combustion  head  may  be  saved  and  a 
blinder  casting  purchased  at  considerably  less  cost  than  that 
complete  unit  cylinder. 

ny  motors  have  been  made  by  the  Knox  Company,  using 
lually  cast  cylinders  of  the  form  shown  in  section  at  Fig, 
L,  and  completely  assembled  at  B,  in  one  view  and  with 
»r  bead  removed  in  the  other.     This  detachable  Yvead  eon- 
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tion  was  necessary  on  account  of  having  the  valves  seat  directly 
ist  flat  seatings  machined  in  the  head  casting.  The  head  cast- 
s  provided  with  its  own  water  jacket,  as  is  the  cylinder,  con- 
ons  being  made  between  the  two  by  a  short  bent  pipe  held 
ace  by  the  same  stirrup  member  that  holds  the  manifold  to 
lylinder.  The  detachable  head  construction  makes  it  possible 
move  that  member  and  obtain  ready  access  to  the  piston  tops 
craping  out  carbon  without  taking  the  main  cylinder  portion 
.  the  crankcase.  When  the  valves  need  grinding  the  head  may 
jmoved  and  carried  to  the  bench  where  the  work  may  be  per- 
led  with  absolute  assurance  that  none  of  the  valve  grinding 
>ound  will  penetrate  into  the  interior  of  the  cylinder  as  is 
times  unavoidable  with  the  L-head  cylinder  shown  at  Fig. 
or  the  T-head  form  outlined  at  Fig.  99,  in  which  the  valve 
ngs  are  in  pockets  cast  integrally  with  the  cylinder, 
i'he  detachable  head  construction  has  only  recently  become 
liar,  though  it  was  one  of  the  earliest  forms  of  automobile  en- 
construction.  In  the  early  days  it  was  difficult  to  procure 
ets  or  packings  that  would  be  both  gas  and  water  tight.  The 
t  asbestos  commonly  used  was  too  soft  and  blew  out  readily, 
des  a  new  gasket  had  to  be  made  every  time  the  cylinder  head 
removed.  Woven  wire  and  asbestos  packings  impregnated 
rubber,  red  lead,  graphite  and  other  filling  materials  were 
i  satisfactory  than  the  soft  sheet  asbestos  but  were  prone  to 
I  out  if  the  water  supply  became  low.  Materials  such  as  sheet 
»er  or  brass  proved  to  be  too  hard  to  form  a  sufficiently  yield- 
packing  medium  that  would  allow  for  the  inevitable  slight 
curacies  in  machining  the  cylinder  head  and  cylinder.  The 
Dtion  of  the  copper-asbestos  gasket,  which  is  composed  of  two 
ts  of  very  thin,  soft  copper  bound  together  by  a  thin  edging 
lie  same  material  and  having  a  piece  of  sheet  asbestos  inter- 
d  solved  this  problem.  One  of  the  first  engines  to  use  the  de- 
able  cylinder  head  piece  was  the  Ford,  and  at  the  time  it  was 
introduced  it  was  met  with  considerable  criticism  on  the  part 
utomobile  engineers.  That  this  proved  unfounded  and  based 
)ersonal  prejudice  is  clearly  demonstrated  at  this  time  \^y  \\v^. 
?  lijsfe  of  the  detachable  head  construction.     Copper-asA^v^%\o>«. 
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Fig.    101. — 8«ctloiikl   View   of  Antomoblle   Engine    Oyllt 
D«f»ctB  that  Will  B«dnc0  Engine  Efficiency 

packings  form  an  effective  seal  against  leakage  of 
positive  retention  means  for  keeping  the  explosion  p 
cylinder. 

The  great  advantage  of  the  detachable  head  is  tha 
verj'  easy  inspection  of  the  piston  tops  and  combu 
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interiors  which  can  only  be  done  with  cylinders  of  the  L,  or  T,  for 
by  removing  the  cylinder  from  the  engine  base.  Two  forma 
removable  cylinder  heads  are  shown  at  Fig.  104.  Tlicy  are  simil 
in  design  and  utilize  the  same  form  of  gasket,  the  only  ditferen 
Wing  that  the  type 
shown  at  A,  serves  two 
cylinders  while  the  one 
outlined  at  B,  covers 
the  four  cylinders. 
The  construction  at  A, 
is  used  on  the  Oakland 
ear  while  that  at  B,  is 
found  ou  the  Ford, 
Metz,  R^al,  Carter- 
car,  Maxwell,  Oakland 
and  several  others. 
The  cylinder  heads 
art-  securely  held  by 
niihstantial  retention 
bolts  and  if  these  are 
I'roperly  tightened  and 
I  the  gasket  is  in  good 
',  dindition  there  is  not 
liki-ly  to  be  any  loss  in 
jtressure  due  to  leak- 
ap*.  One  of  the  most  important  things  to  look  for  wlien  the  cyli 
iler  ha«  been  removed  or  the  cylinder  head  taken  off,  if  (liat-  me thi 
of  construction  is  followed,  is  carbon  deposits.  These  aeeiiiniila 
,  at  the  various  i>ointit  indicated  at  Fig.  105,  namely  the  piston  to 
vHlves.  around  the  spark  plug  and  at  several  points  in  the  coi 
I II I st ion  chamber. 

Carbon  DepositB,  Their  Cause  and  Prevention. — Most  nuthoi 
ti"s  apree  that  carbon  in  the  result  of  imi)erfeet  comlniation  of  t 
fui'l  and  air  mixture  as  well  as  the  use  of  lulirieuting  oils  of  ii 
Iin>per  flash  point.  Lubricating  oils  that  work  by  the  jiistoii  rin 
may  liecome  decomposed  by  the  great  heat  in  the  emwlrastv 
.    chsrofeer  but  at  the  iiame  timo  one  ewnnot  blame  the  luAjvWat 
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Q  for  all  of  the  carbon  deposits.  There  is  little  reason  to  suspect 
hat  pure  petroleum  oil  of  proper  body  will  deposit  excessive 
.mounts  of  carbon,  though  if  the  oil  contains  a  resinous  or  animal 
at  filler  there  would  be  much  carbon  left  in  the  interior  of  the 
ojabufltion  chamber.  Fuel  mixtures  that  are  too  rich  in  gasoline 
iho  produce  these  undesirable  accumulations. 

A  very  interesting  chemical  analysis  of  a  sample  of  carbon 
craped  from  the  interior  of  a  motor  vehicle  engine  shows  that 
ordinarily  the  lubricant  is  not  as  much  to  blame  as  is  commonly 
apposed.    The  analysis  was  as  follows: 

Oa 14.3% 

Other  combustible  matter 17.9 

Sand,  clay,  etc 24.8 

Iron  oxide   24.5 

Carbonate  of  lime  8.9 

Other  constituents  9.6 

It  18  extremely  probable  that  the  above  could  be  divided  into 
wo  general  classes,  these  being  approximately  32.2%  oil  and  com- 
bustible matter  and  a  much  larger  proportion  or  67.8%  of  earthy 
aatter.  The  presence  of  such  a  large  percentage  of  earthy  matter 
s  undoubtedly  due  to  the  impurities  in  the  air,  such  as  road  dust 
rhich  has  been  sucked  in  through  the  carburetor.  The  fact  that 
ver  17%  of  the  matter  which  is  combustible  was  not  of  an  oily 
lature  lends  strong  support  to  this  view,  while  the  ratios  of  the 
onstituents  of  the  incombustible  material  to  one  another  is  very 
learly  what  would  be  expected  in  debris  from  ordinary  macadam 
oads.  If  one  assumes  that  half  of  the  combustible  matter,  not  of 
lily  derivation,  comes  from  the  road  dust  and  that  one-fifth  of  the 
•xide  of  iron  also  arises  from  tliis  source,  the  approximate  composi- 
ion  of  this  cylinder  deposit  may  be  expressed  as  follows : 

Besidual  matter  from  oil 23% 

Iron  dust  due  to  friction  in  cylinder 20 

Road  dust   57 

It  will  be  evident  that  fully  50%  of  this  deposit  can  be  attrib- 
uted to  the  ordinary  dust  of  the  highway  and  not  to  excessive  fuel 
or  an  impure  grade  of  lubricating  oil.     While  it  is  imperaVwe  \jc> 
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Fig.  10  J. — Sbowing  UtlUtr  of  DeUclikblfl  CyUnder  Heads  and  How  T 
Make  for  Superior  AcceaalbUltjr  of  TalToa  and  Oombastion  Oliami 

use  as  little  gasoline  in  the  mixture  as  possible  and  to  supply 
the  proper  quantities  of  high  grade  lubricating  oil,  it  wil 
evident  that  even  if  these  precautions  were  carefully  obK 
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wonld  still  be  considerable  deposit  as  the  result  of  the  im- 
»  drawn  in  through  the  carburetor.  It  is  very  good  practice 
ride  a  screen  on  the  air  intake  to  reduce  the  amounts  of  dust 
.  in  irlth  the  air  as  well  as  observing  the  proper  precautions 
e  to  supplying  the  proper  quantities  of  air  to  the  mixture 

not  using  any  more  oil  than  is  needed  to  insure  proper  lubri- 

of  the  internal  mechanism. 

B  of  Carbon  Scrapers. — It  is  not  unusual  for  one  to  bear  an 
obile  driver  complain  that  the  car  he  drives  is  not  as  respon- 
3  it  was  when 


S^'iirn  Ttua 


fter  he  has  run 
it  very  few 
i.  There  does 
em    to   be    any- 

actually  wrong 
the  car,  yet  it 
ot  respond  read- 
the  throttle  and 
t     to     overheat. 

these  symptoms 

a  rundown  con- 

of  the  meehan- 
the  trouble  is 
due  to  nothing 
serious  than  ac- 
itions  of  carbon. 
;medy  is  the  re- 

of  this  matter 
\  place.  While 
rest  way  of  cleaning  the  inside  of  the  motor  thoroughly 
vmove  the  cylinders,  if  these  members  are  cast  integrally 
;he  head  or  of  removing  the  head  member  if  that  is  a 
te  casting,  to  expose  all  parts,  there  are  other  methods  that 
leen  recommended  that  may  be  depended  on  to  reduce  the 
t  of  carbon  deposits.  A  number  of  carbon  solvents  of  a 
composition  have  been  offered  which  may  be  introduced  into 
\m6eT  through  the  spark  plug  openings  or  valve  cap  \vo\ea 


Ftg.  105. — Sectloiutl  view  of  Upp«r  Portton 
of  CyUndn  Showing  Point  Whera  Car- 
bon Dapoalts  Accnmnlkto. 
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that  are  said  to  soften  the  accumulation,  and  permit  it  to  be 
out  through  the  exhaust  when  the  engine. is  again  startei 
the  material  is  used.  The  writer  believes  that  there  is  n 
less  "fake"  about  these  compositions  as  chemical  analysis  o 
has  disclosed  the  composition,  which  on  careful  study  of  cat 


effect,  does  not  seem  to  justify  all  the  claims  made  for  them 
enthusiastic  advertising  men  responsible  for  their  promotion 
widely  advertised  carbon  remover  of  liqnid  form  was  founc 
composed  largely  of  acetone.  Another  was  practically  deo« 
kerosene  and  denatured  alcohol  mixture.  Another  of  grai 
form  was  discovered  to  be  practically  common  salt.    Then 
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question  in  the  writer's  mind  but  that  a  solvent  like  acetone  wou 
aoften  carbon  deposit  enough  so  it  could  be  readily  removed  1 
•eraping.  The  method  of  using  the  solvent  is  to  bring  the  pist< 
in  the  cylinder  to  be  cleaned  up  to  the  end  of  its  compressi< 
stroke  at  which  time  both  valves  are  closed  and  to  pour  in  a  defini 
quantity  of  the  solvent  through  a  valve  cap  or  spark  plug  openin 
This  operation  is  outiined  at  Fig.  106,  A.  After  the  liquid  has  be< 
allowed  to  soak  thoroughly  into  the  carbon  deposits  for  perio< 
varying  from  two  to  six  hours  it  is  drawn  out  of  the  cylinder  1 
means  of  a  syringe  as  shown  at  Fig.  106,  B.  When  the  engine 
started  after  all  cylinders  have  been  treated  in  turn  the  exhau 
will  be  very  smoky  and  filled  with  carbon  particles,  this  indicatii 
that  considerable  quantities  of  the  carbon  has  been  dissolved.  Th 
treatment  is  not  always  successful,  as  it  would  be  more  apt  to  r 
move  the  soluble  carbon,  as  is  due  from  burnt  lubricating  oil,  < 
rich  mixture  than  it  would  be  to  act  upon  the  earthy  material  th; 
the  chemical  analysis  shows,  exists  in  the  deposits. 

In  certain  forms  of  cylinders,  especially  those  of  the  L,  or 
form,  it  is  possible  to  introduce  simple  scrapers  down  through  tl 
valve  chamber  cap  holes  and  through  the  spark  plug  hole  if  th 
component  is  placed  in  the  cylinder  in  some  position  that  coi 
municates  directly  to  the  interior  of  the  cylinder  or  to  the  piste 
top.  This  method  is  particularly  applicable  to  engines  havii 
valves  on  opposite  sides,  namely  those  employing  cylinders  of  tl 
T  form.  No  claim  can  be  made  for  originality  or  novelty  of  th 
process  as  it  has  been  used  for  many  years  on  large  stationary  e 
gines.  The  first  step  is  to  dismantle  the  inlet  and  exhaust  pipii 
and  remove  the  valve  caps  and  valves,  although  if  the  deposit  is  n 
extremely  hard  or  present  in  large  quantities  one  can  often  m 
nipulate  the  scrapers  in  the  valve  cap  openings  vrithout  removii 
either  the  piping  or  the  valves.  Commencing  with  the  first  cylinde 
the  starting  crank  is  turned  till  the  piston  is  at  the  top  of  its  stroh 
then  the  scraper  may  be  inserted,  as  indicated  at  Fig.  106,  C,  ai 
the  operation  of  removing  the  carbon  started  by  drawing  the  to 
toward  the  opening.  As  this  is  similar  to  a  small  hoe,  the  cuttii 
edge  will  loosen  some  of  the  carbon  and  will  draw  it  toward  \} 
(^f>eDing,    A  swab  ia  made  of  a  piece  of  cloth  or  waste  iastened 
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the  end  of  a  wire  and  well  soaked  in  keroeene  to  clean 
cylinder.    When  the  engine  is  of  a  T-head  type  and  the  vaJ 
removed  it  is  possible  to  introduce  a  ball  of  waste  at  one  pi 
push  it  clear  through  the  cylinder  and  out  of  the  other  vali 
this  bringing  much  loosened  carbon  out  with  it. 


When  available,  an  electric  motor  with  a  length  of  flexibl 
and  a  small  circular  cleaning  brush  having  wire  bristles 
used  in  the  interior  of  the  engine.  The  electric  motor  need 
over  one-eighth  horsepower  running  at  1,200  to  1,600  R.  P.  ] 
the  wire  brush  must,  of  coarse,  be  of  snch  size  that  it  can  b< 
inserted  through  the  valve  chamber  cap.  The  flexible  shaft  ] 
one  to  reach  nearly  all  parts  of  the  cylinder  interior  withoi 
cnlty  and  the  spreading  out  and  flattening  of  the  brash  insoi 
eangiderable  aurtaee  will  be  covered  by  that  member. 


Carbon  Scraperg 


218 


liile  the  earbon  scrapers  may  be  easily  made  by  any  mechanic, 
ited  forms  are  available  at  small  cost  which  have  advantages 
ly  of  consideration.  The  tool  shown  at  Fig.  106,  D,  is  known 
ill's  carbon  scraper  and  was  designed  for  tise  in  any  T,  or 
;ad  motor  by  re- 
Qg  the  valve  caps 
ruming  the  motor 

nntil  the  piston 
5  to  the  top  cen- 

The    scraper    is 

inserted  in  a 
i  con  di  tion 
igh    either    valve 

and  after  it  is 
e  the  combustion 
ber  the  expand- 
lar  may  be  pulled 

and  the  scraper 
s  will  sprea  d 
;h  to  conform  to 
dze  of  the  firing 
ber.  Moving  the 
1  p  e  r   vigorously 

and  forth  and 
id  the  side  wall 
a  few  minutes 
IS  the  carbon  de- 
When  this  has 


Fig.  108. — simple  Oxygon  G«neiator. 


done  all  carbon  should  be  scraped  into  the  valve  chamber 
the  closed  scraper  end  and  either  spooned  out  with  that  mem- 
r  blown  out  with  compressed  air,  A  soft  cloth  saturated  with 
ene  is  then  placed  between  the  blades  of  the  scraper,  turning 
member  into  a  mop  and  if  reinserted  into  the  cylinder  will 
ve  any  of  the  fine  particles  of  carbon  which  might  be  left 
in.  The  device  is  made  of  high  grade  spring  steel  with  hard- 
cutting  blades  and  has  a  considerable  degree  of  flexibiUty. 
another  form  of  ifexlble  carbon  ficraper  is  shown  at  ^,  ftua 
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consisting  of  a  flexible  steel  blade  having  a  sharp  hoe  shaped  end 
which  is  inserted  through  the  valve  cap  opening  and  used  in  the 
manner  indicated  in  the  illustration. 

Use  of  Denatured  Alcohol  in  Bemoving  Carbon. — In  a  paper 
read  before  the  National  Gas  Engine  Association,  Joseph  A. 
Anglada  described  the  use  of  denatured  alcohol  as  a  solvent  for 
removing  the  carbon  deposits  from  the  combustion  chamber  of 
explosive  motors.  The  trials  were  made  with  single  cylinder 
horizontal  engines  but  there  is  no  reason  to  doubt  that  equally  as 
good  results  could  be  obtained  in  automobile  power  plants.  The 
operation  is  described  as  follows: 

Both  of  these  engines  were  operated  under  a  load  applied  by 
pressing  a  wooden  lever  against  the  fly  wheel  until  the  temperature 
of  the  jackets  warmed  to  about  one  hundred  and  fifty  degrees 
Fahrenheit.  The  engines  were  then  stopped  with  the  piston  at 
tlie  head  end  of  the  compression  stroke.  Both  valves  were  closed. 
Tlie  compression  space  of  each  cylinder  was  then  filled  with  Pyre 
denatured  alcohol,  which  in  the  case  of  the  International  Harvestei 
engine  was  left  to  soak  for  six  hours  and  in  the  case  of  the  Jacobsoi 
engine,  about  three  and  one-half  hours.  It  was  found  that  the 
exhaust  valve  of  the  International  Harvester  engine  did  not  seal 
properly,  because  when  the  alcohol  was  first  put  in  this  engine  i1 
leaked  past  the  exhaust  valve.  This  leak,  however,  soon  stopped 
probably  due  to  the  alcohol  washing  away  whatever  foreign  mattei 
was  lodged  between  the  valve  and  its  seat. 

At  the  end  of  these  periods,  botli  engines  were  cranked  h} 
hand  for  a  few  revolutions  and  then  started  in  the  usual  way,  oi 
gasoline.  The  exliaust  in  both  instances,  when  the  engine  wai 
started,  contained  a  large  quantity  of  black  smoke  and  upon  open 
ing  the  compressed  relief  cock  of  each  engine  a  bombardment  o: 
small  incandescent  particles  of  carbon  was  seen  and  felt  on  eael 
firing  stroke,  showing  that  the  alcohol  had  loosened  the  carboi 
deposits  in  these  engines.  In  each  case  some  of  the  alcohol  leake( 
past  the  pistcm  into  tlie  crank  case,  showing  that  the  piston  ringi 
were  not  liciuid  tight.  In  tliis  connection  it  is  advisable  to  note  tha 
almost  invariably  lubricating  oil  will  collect  in  the  piston  rinf 
ffrooves  where  it  becomes  partially  solidified  in  the  form  of  \ 


Alcohol  for  Carbon  Removal  215 

ummy  material  of  sufficient  strength  to  prevent  the  proper  opera- 
ion  of  the  piston  rings.  The  result  is  that  the  lubricating  oil 
rhich  is  fed  to  the  cylinder  is  called  upon  in  a  very  large  measure 
o  assist  the  piston  rings  in  making  a  gas-tight  joint  with  the 
cylinder  wall.  When  denatured  alcohol  is  introduced  into  the 
jylinder  in  sufficient  quantity,  it  will  dissolve  the  gummy  deposit 
ind  permit  the  piston  rings  to  slide  freely  in  their  grooves  and 
ius  fit  themselves  more  perfectly  to  the  cylinder  walls.  That 
iis  occurs  has  been  proven  by  tests  on  a  number  of  automobile 
Dotors  which  after  treatment  with  denatured  alcohol  have  shown 
in  increase  in  power  as  well  as  in  flexibility. 

From  a  very  complete  series  of  experiments  conducted  with 
lotomobilc  motors  which  had  been  in  service  for  different  lengthy 
)eriods  of  time,  in  addition  to  experiments  conducted  with  a  few 
oarine  and  stationary  motors,  I  have  arrived  at  the  following 
onclusions : 

(1)  Denatured  alcohol  is  an  efficient  decarbonizer  for  all  types 
f  gasoline  engines. 

(2)  It  does  not  injuriously  affect  the  surfaces  of  the  metals 
rith  which  it  comes  in  contact. 

(3)  Heat  is  not  necessary  when  using  denatured  alcohol  as  a 
ecarbonizer. 

(4)  Heat  accelerates  the  action  of  denatured  alcohol  when  used 
s  a  decarbonizer. 

(5)  Denatured  alcohol  when  introduced  in  the  combustion 
pace  of  an  automobile  cylinder  which  is  at  the  working  tempera- 
ure  of  the  engines  will  loosen  the  carbon  deposits  so  as  to  permit 
he  deposit  to  become  separated  from  the  walls  of  the  combustion 
pace  and  pass  out  of  the  cylinder  with  the  exhaust  gases  when 
he  engine  is  run.    . 

(6)  The  best  results  from  the  use  of  denatured  alcohol,  a 
arbon  remover,  are  obtained  when  the  combustion  space  of  a  hot 
iDgine  is  entirely  filled  with  liquid  denatured  alcohol  and  per- 
nitted  to  soak  for  a  period  of  not  less  than  six  hours. 

(7)  Denatured  alcohol  will  act  as  a  carbon  remover  when  the 
*ngine  is  cold,  provided  the  liquid  denatured  alcohol  is  in  contact 
with  the  carbon  covered  surfaces.    The  action  of  denatured  a\eo\\o\ 
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under  these  conditions  is  about  half  as  rapid  as  when  the  engine 
is  hot. 

(8)  The  action  of  denatured  alcohol  as  a  carbon  remover  when 
introduced  in  small  quantities  into  the  combustion  space  of  a 
cold  automobile  engine  is  positive,  but  slow. 

(9)  Where  the  fit  between  the  piston  rings  and  cylinder  walls 
is  imperfect,  denatured  alcohol  will  leak  past  the  pistons  into  the 
crank  case  and  cause  the  oil  in  the  crank  case  to  become  unfit  for 
use  for  lubricating  the  engine.  However,  when  a  suflScient  amount 
of  denatured  alcohol  has  been  added  to  this  oil  and  circulated 
through  the  lubricating  system  of  the  motor  for  a  very  short  time, 
in  order  to  obviate  the  possibility  of  damaging  the  wearing  sur- 
faces of  the  engine,  denatured  alcohol  acts  as  a  cleansing  agent,  as 
evidenced  by  the  unusual  amount  of  foreign  matter  withdrawn 
with  the  denatured  alcohol  treated  oil  and  the  subsequent  improved 
action  of  the  engine. 

(10)  Due  to  the  cleansing  action  of  denatured  alcohol  as  noted 
in  the  preceding  conclusions,  an  engine  which  has  been  in  service 
for  an  extensive  period  will  show  a  marked  increase  in  operating 
eflBciency  when  thoroughly  treated  with  denatured  alcohol. 

(11)  It  is  advisable  to  introduce,  in  the  matter  noted  in  th( 
experiments,  from  two  to  four  ounces  of  denatured  alcohol  (de 
pending  upon  the  size  of  the  cylinders)  into  each  cylinder  of  ai 
engine,  at  intervals  of  about  three  days,  in  order  to  keep  th< 
cylinders  freed  from  carbon  deposits. 

Burning  Out  Carbon  with  Oxygen. — A  process  of  recent  de 
velopment  that  gives  very  good  results  in  removing  carbon  with 
out  disassembling  the  motor  depends  on  the  process  of  burning 
out  that  material  by  supplying  oxygen  to  support  the  combustioi 
and  to  make  it  energetic.  A  number  of  concerns  are  already 
offering  apparatus  to  accomplish  this  work,  and  in  fact  anj 
garage  using  an  autogenous  welding  outfit  may  use  the  oxygei 
tank  and  reducing  valve  in  connection  with  a  simple  special  tore! 
for  burning  the  carbon.  Results  have  demonstrated  that  ther< 
is  little  danger  of  damaging  the  motor  parts,  and  that  the  cosi 
of  oxygen  and  labor  is  much  lower  than  the  old  method  of  re 
moving  the  cylinders  and  scraging  the  earbon.  out^  as  well  ai 
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ng  very  much  quicker  than  the  alternative  process  of  using 
bon  solvent.  The  only  drawback  to  this  system  is  that  there 
K)  absolute  insurance  that  every  particle  of  carbon  will  be 
jved,  as  small  protruding  particles  may  be  left  at  points  that 
flame  does  not  reach  and  cause  pre-ignition  and  consequent 
ding;  even  after  the  oxygen  treatment.  .  It  is  generally  known 
carbon  will  bum  in  the  presence  of  oxygen,  which  supports 
ustion  of  all  materials,  and  this  process  takes  advantage  of 
fact  and  causes  the  gas  to  be  injected  into  the  combustion 
ber  over  a  flame  obtained  by  a  match  or  wax  taper. 

is  suggested  by  those  favoring  this  process  that  the  night 
e  the  oxygen  is  to  be  used  that  the  engine  be  given  a  con- 
(mal  kerosene  treatment.     A  half  tumbler  full  of  this  liquid 

denatured  alcohol  is  to  be  poured  into  each  cylinder  and 
itted  to  remain  there  over  night.  As  a  precaution  against 
the  gasoline  is  shut  off  from  the  carburetor  before  the  torch 
lerted  in  the  cylinder  and  the  motor  started  so  the  gasoline 
B  pipe  and  carburetor  float  chamber  will  be  consumed.  Work 
Be  on  one  cylinder  at  a  time.  A  note  of  caution  was  recently 
led  by  a  prominent  spark  plug  manufacturer  recommending 
the  igniter  member  be  removed  from  the  cylinder  in  order 

0  injure  it  by  the  heat  developed.  The  outfits  on  the  market 
8t  of  a  special  torch  having  a  trigger  controlled  valve  and  a 
h  of  flexible  tubing  such  as  shown  at  Fig.  107,  A,  and  a 
lating  valve  and  oxygen  tank  as  shown  at  B.  The  gauge 
id  be  made  to  register  about  twelve  pounds  pressure. 

he  method  of  operation  is  very  simple  and  is  outlined  at  C. 
burner  tube  is  placed  in  the  cylinder  and  the  trigger  valve  is 
ed  and  the  oxygen  permitted  to  circulate  in  the  combustion 
iber.  A  lighted  match  or  wax  taper  is  dropped  in  the  cham- 
ind  the  injector  tube  is  moved  around  as  much  as  possible 
to  cover  a  large  area.  The  carbon  takes  fire  and  burns  briskly 
ie  presence  of  the  oxygen.  The  combustion  of  the  carbon  is 
npanied  by  sparks  and  sometimes  by  flame  if  the  deposit  is 

1  oily  nature.  Once  the  carbon  begins  to  burn  the  combustion 
noes  without  interruption  as  long  as  the  oxygen  flows  mto 
{flinder.     Full  iDStrvctjons  accompany  each  outfit  and  t\i^ 
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amount  of  pressure  for  which  the  regulator  should  be  set  depend 
upon  the  design  of  the  torch  and  the  amount  of  oxygen  containec 
in  the  storage  tank. 

How  Oxygen  Is  Produced. — While  the  best  results  are  ob 
tained  by  the  use  of  the  proper  burner  and  compressed  oxygei 
tank,  it  is  possible  to  generate  oxygen  by  very  simple  mechanism 
and  for  the  ingenious  repairman  to  extemporize  a  burner  that  wil 
give  fairly  good  results  in  removing  the  carbon.  The  simples^ 
method  of  producing  oxygen  is  by  heating  a  mixture  of  potassiun 
chlorate  and  manganese  dioxide.  Although  oxygen  may  be  pro 
duced  by  heating  potassium  chlorate  alone,  the  combination  o: 
the  manganese  dioxide  acts  as  a  stimulating  agent  which  not  onl; 
gives  out  oxygen,  but  which  assists  in  breaking  up  the  chlorate  » 
that  more  of  the  gas  will  be  evolved.  At  Fig.  108,  A,  an  ex 
tremely  simple  oxygen  generator  that  can  be  made  by  any  repair 
man  is  outlined.  The  basis  of  the  device  consists  of  a  5  or  6-incl 
length  of  seamless  iron  pipe,  one  and  one-half  or  two  inches  i 
diameter.  The  pipe  is  threaded  at  each  end  and  standard  pip 
caps  are  fitted,  one  of  these  being  drilled  and  tapped  to  receiv 
a  one-eighth  inch  brass  pipe.  This  is  bent  in  the  form  of  an  el 
and  a  piece  of  flexible  copper  tubing  is  soldered  into  the  end  o 
the  pipe.  In  order  to  operate  this  generator  the  unperforate 
cap  is  unscrewed  and  a  mixture  composed  of  two  ounces  of  potai 
slum  chlorate  and  one  tablespoonful  of  manganese  dioxide  is  place 
in  the  pipe.  The  cap  is  screwed  back  in  position  and  the  flain 
of  a  blow  torch  is  used  to  heat  the  bottom  of  the  iron  pipe.  In 
short  period  oxygen  gas  will  issue  from  the  end  of  the  copper  tul 
joined  to  the  generator  by  rubber  hose,  which  should  be  place 
inside  of  the  combustion  chamber  against  the  carbonized  are; 
A  lighted  match  or  taper  thrown  into  the  cylinder  will  start  con 
bustion  of  the  carbon. 

One  of  the  latest  forms  of  oxygen  generator  is  shown  at  Fi{ 
108,  B.  The  feature  is  that  the  oxygen  is  evolved  by  heating 
special  cartridge  by  an  alcohol  burner.  The  oxygen  gas  pas» 
through  a  purifier  which  is  provided  with  a  safety  valve  to  prevei 
accumulation  of  excess  pressure.  The  purifier  is  connected  wit 
t/je  oxygen  generating  chamber  by  a  one-wa^  ci\\^^  n^V^^  ^hic 
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permits  the  gas  to  flow  into  the  purifier,  but  not  from  that  membc 
into  the  generating  chamber.  The  cartridges  or  charges  weig 
ax  pounds  and  sell  for  one  dollar  apiece.  A  cupful  of  water 
placed  on  top  of  the  cartridge  to  prevent  the  solder  on  that  men 
ber  from  melting.  When  the  flame  plays  on  the  bottom  of  tl 
cartridge,  which  also  acts  as  a  generating  chamber,  the  oxyge 
iflsoes  from  the  hole  in  the  center  into  the  purifying  chamber. 

Repairing  Scored  Cylinders. — If  the  engine  has  been  run  i 
any  time  without  adequate  lubrication,  one  or  more  of  the  cylii 
ders  may  be  found  to  have  vertical  scratches  running  up  and  Aovi 
the  cylinder  walls.  The  depth  of  these  will  vary  according  to  tl 
amount  of  time  the  cylinder  was  without  lubrication,  and  if  tl 
grooves  are  very  deep  the  only  remedy  is  to  purchase  a  ne 
member.  Of  course,  if  suflBcient  stock  is  available  in  the  cylindi 
walls,  the  cylinders  may  be  rebored  and  new  pistons  which  ai 

I  oversize,  i.e.,  larger  than  standard,  may  be  fitted.  Where  tl 
seratehes  are  not  deep  they  may  be  ground  out  with  a  high  spee 
emery  wheel  or  lapped  out  if  that  type  of  machine  is  not  availabl 
I  Wrist  pins  have  been  known  to  come  loose,  especially  when  thei 
^  are  retained  by  set  screws  that  are  not  properly  locked,  and  i 
wrist  pins  are  usually  of  hardened  steel  it  will  be  evident  th; 
the  sharp  edge  of  that  member  can  act  as  a  cutting  tool  and  mal 
a  pronounced  groove  in  the  cylinder.'  Cylinders  that  have  bee 
damaged  in  this  manner  have  sometimes  been  repaired  by  tl 
autogenous  welding  process,  the  oxy-acetylene  flame  being  us< 
to  fuse  new  cast  iron  into  the  groove,  then  grinding  out  the  rid{ 
of  excess  material  in  order  to  obtain  a  smooth  bore.  Cylind< 
grinding  is  a  job  that  requires  skilled  mechanics,  but  may  1 
accomplished  on  any  lathe  fitted  with  an  internal  grinding  attac 
I   ment. 

i  When  a  car  that  has  been  used  for  a  considerable  length 
[  time  is  overhauled  it  may  be  found  that  the  cylinder  bore  w 
have  worn  enough  so  reboring  will  be  necessary.  The  wear 
eommonly  found  about  midway  the  length  of  the  cylinder  wal 
as  it  is  at  this  point  that  the  connecting  rod  side  thrust  is  greate 
due  to  the  angularity  of  that  member.  In  order  to  remedy  tl 
defective  condition  some  repairmen  are  content  with  mereVy  ' 
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^hl  Indiw 


ting  new  piston  rings  of  slightly  larger  circumference,  b 
plan  is  not  wholly  satisfactory,  because  if  the  rings  are  c 
ciently  small  diameter  to  enter  the  unworn  portion  of  tb 
when  they  spring  out  into  the  worn  part  there  must  ea 
wide  a  gap  at  the  slots.    For  this  reason  most  mechanics 
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either  a  new  cylinder  and  piston  or  to  rebore  the  cylinder 
at  a  larger  piston  with  correspondingly  larger  rings. 
[  the  car  is  an  old  one  and  it  is  not  considered  wise  to  spend 
noney  necessary  to  restore  the  cylinder  bore  to  correct  shape, 
can  get  considerably  more  service  by  a  simple  expedient  of 
ing  new  piston  rings  with  long  stepped  ends.     In  this  case 

will  pass  the  smaller  portions  of  the  bore  and  expand  sufS- 
Jy  to  fill  the  worn  parts.    As  there  is  no  gap  between  the  ends, 

when  fully  expanded,  there  will  be  but  little  loss  of  com- 
rion,  such  as  might  be  possible  with  either  butt  joint  or  diag- 

cut  rings  under  the  same  conditions.  One  precaution  is 
itial,  however,  and  that  is  to  insure  that  the  grooves  are  of 
cient  width  to  take  step  cut  rings  having  substantial  steps, 
le  piston  rings  are  narrow,  the  ends  are  apt  to  snap  oflf  at  the 
s.  If  the  grooves  are  turned  out  to  a  greater  width,  new  piston 
s  must  be  made  to  fit.  The  compression  is  much  improved  and 
?r  is  increased  as  the  rings  with  the  long  stepped  joint  will 
w  the  worn  bore,  constricting  as  the  bore  is  smaller  and  filling 
as  the  wear  increases. 

t  is  not  difScult  to  measure  the  bore  to  find  out  if  the  waUs  are 
h,  DifFerent  calipers  have  been  devised  for  this  purpose,  some 
hieh  are  illustrated  at  Fig.  109.  These  are  usually  constructed 
lie  multiplying  gauge  principle  so  that  the  slightest  inaccuracy 
be  magnified  at  the  dial.  In  the  device  shown  at  A,  a  fixed 
if  Af  carries  a  standard  on  which  is  fulcrumed  the  indicating 
le,  D.    This  indicating  needle  is  in  contact  below  the  fulcrum 

a  plnnger  pin  attached  to  the  movable  block  D,  which  is 
aally  kept  pressed  out  by  the  coil  spring  C.  If  any  irregu- 
ies  are  present  the  block  B  indicates  them  by  its  movement, 
h  is  translated  to  the  short  arm  of  the  indicating  lever  D, 
h  is  fulcrumed  at  E.  Another  form  of  indicator  working  on 
tically  the  same  principle  except  that  the  indicating  lever  E 
tuated  by  the  plungers  DD,  is  shown  at  B.  The  use  of  the 
s  Dial  Indicator,  carried  by  a  special  fixture  for  use  in  de- 
ining  the  truth  of  bore  of  automobile  cylinders,  is  so  clearly 
Q  at  Pig.  109  that  it  will  not  be  necessary  to  mention  the 
iple  of  operation  any  further  than  to  state  that  the  mteTii«\ 
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mechanism  of  the  indicator  is  such  that  the  needle  will  indicafa 
variations  of  less  than  .001  inch. 

Where  the  grooves  in  the  cylinder  are  not  deep  or  where  it  hai 
warped  enough  so  the  rings  do  not  bear  equally  at  all  parts  o; 
the  cylinder  bore,  it  is  possible  to  obtain  a  fairly  accurate  degrei 
of  finish  by  a  lapping  process  in  which  an  old  piston  is  coatee 
with  a  mixture  of  fine  emery  and  oil  and  is  reciprocated  up  an( 
down  in  the  cylinder  as  well  as  turned  at  the  same  time.  Thi 
may  be  easily  done  by  using  a  dummy  connecting  rod  having  onlj 
a  wrist  pin  end  boss,  and  of  such  size  at  the  other  end  so  tha 
it  can  be  held  in  the  chuck  of  a  drill  press.  The  cylinder  castinj 
is  firmly  clamped  on  the  drill  press  table  by  suitable  clampinj 
blocks,  and  a  wooden  block  is  placed  in  the  combustion  chambe 
to  provide  a  stop  for  the  piston  at  its  lower  extreme  pasition 
The  back  gears  are  put  in  and  the  drill  chuck  is  revolved  slowlj 
All  the  while  that  the  piston  is  turning  the  drill  chuck  shoul 
be  raised  up  and  down  by  the  hand  feed  lever,  as  the  best  result 
are  obtained  when  the  lapi)ing  member  is  given  a  combination  o 
rotary  and  reciprocating  motion. 

Even  if  power  is  not  available,  the  repairman  need  not  be  dif 
couraged,  because  very  good  results  may  be  obtained  by  han< 
lapping.  Tlie  same  method  is  used  as  for  lapping  by  power.  Tb 
abrasive  material  is  composed  of  very  fine  emery  and  light  mi 
chine  oil,  and  is  renewed  from  time  to  time  and  the  cylinder  cleane 
out  to  remove  the  old  lapping  compound  before  any  new  mixtui 
is  introduced.  A  cylinder  may  be  easily  supported  in  a  box  c 
sand,  as  indicated,  the  compression  relief  petcock  in  the  top  c 
the  cylinder  being  provided  with  a  piece  of  rubber  hose  whic 
projects  above  the  surface  of  the  same,  and  which  acts  as  a  breathe 
opening  for  escape  of  the  air  compressed  by  the  downward  strok 
of  the  lap. 

Where  the  cylinders  are  east  in  block,  as  is  now  common  pra< 
tiee  on  nearly  all  automobiles  of  recent  development,  it  is  nc 
difficult  to  hold  the  cylinder  block,  as  this  is  of  sufficient  size  an 
weight  to  stand  upright  on  the  bench  without  clamping  it  dowi 
While  the  writer  has  used  this  method  in  repair  work  over  te: 
j^ears  ago,  he  wishes  to  acknowledge  his  indebtedness  to  Motor  Ag 
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le  dear  illustrations  used.     The  process  of  lapping  is  coi 
[  until  the  entire  interior  of  the  cylinder  is  bright  and  clea 
he  scratches  practically  removed.     All  abrasive  material 
rashed  out  of  the  cylinder  vith  gasoline  and  the  walls  wipe 
rith  a  soft  cloth. 

>w  to  Repair  Cracked  Water  Jacket. — The  water  jacket  i 
engine  cylinder  will  sometimes  become  cracked  due  to  free 


110. — OatUnlnK  Vm  of  I>uinm]r  Platan  uid  OonnMtUiE  Bod  foi 
Xfapping  Out  Flna  Sctatcliefl  in  O^lndor  Boio. 

'  the  cooling  water,  or  perhaps  as  a  result  of  a  sand  or  bio 
vhich  opens  up  from  vibration  after  the  cylinder  has  bet 
iwhile.  At  the  present  time  the  usual  practice  in  repairir 
lers  is  to  fill  tlie  depression  or  crack  with  iron  by  the  autog 
K-elding  proeesB,  although  various  iron  cements  may  be  us< 
lat  purpose  if  the  fracture  is  not  serious.  A  mechanic 
is  aiwajv  possible,  i.e.,  a  metal  j)atch   can  be  appVwA 
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Tit.  llL-^IMbod  of  IlBliig  Flpe  Plug  for  Se&Ung  Fltu  Oncki  . 
HolM  In  Cylinder  W»Ur  Jacket. 

cover  the  crack  and  held  in  place  against  a  gasket  interp 
tween  the  plate  aod  the  cylinder  jacket  by  small  '""h^" 
tapped  into  the  iron.  Where  only  a  small  blow  hole  ezi 
amall  erack  tie  mecbamcal  method  shown  at  Fig.  HI  is 
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his  consists  of  drilling  a  hole  of  sufficient  size  to  take  a  standard 
ipe  plug  either  yi  inch  or  ^  inch,  according  to  the  size  of  the 
ole  as  shown  at  A.  A  pipe  plug  is  screwed  into  the  tapped  hole 
&  shown  at  D,  and  when  it  has  been  forced  in  place  after  coat- 
ig  the  threads  with  red  lead  and  oil  or  pipe  joint  compound  to 
Qsure  a  tight  joint,  the  projecting  portion  of  the  plug  may  be 
at  off  with  a  hacksaw  as  outlined  at  Fig.  Ill,  C,  and  the  remain- 
Dg  portion  of  the  plug  filed  flush  with  the  outside  of  the  water 
acket. 

If  the  crack  is  of  some  length  it  may  be  repaired  by  the  fol- 
)wing  method.  On  the  line  of  the  fracture,  drill  and  tap  for  a 
{-inch  threaded  copper  rod.  This  rod  is  screwed  in  firmly  to  a 
epth  about  equal  to  the  thickness  of  the  metal  of  the  water  jacket. 
)ut  off  the  copper  rod  with  a  hacksaw,  allowing  it  to  project  about 
12  inch ;  then  drill  succeeding  holes,  each  hole  being  drilled  partly 
ito  the  previously  inserted  copper  plug,  so  that  when  all  of  the 
lugs  are  placed  in  the  cylinder  casting,  they  form  a  continuous 
and  of  copper  along  the  line  of  the  fracture.  The  copper  plugs 
bould  now  be  peened  down  and  trimmed  off  flush.  The  only 
oesible  chance  for  leakage,  after  having  repaired  the  crack  in 
his  manner,  is  for  the  water  to  follow  the  joint  between  the  metal 
f  the  jacket  and  the  copper  plugs,  but  as  the  copper  rods  are 
breaded  into  the  casting,  it  is  not  likely  to  occur.  Should  leakage 
ake  place,  a  little  extra  peening  will  suffice  to  prevent  it. 

Still  another  method  involves  fusing  copper  fllings  or  granu- 
ited  brass  spelter  into  the  crack.  This  has  the  advantage  of  not 
eqniring  the  removal  of  the  part  to  be  repaired.  Drill  and  tap  a 
tnall  hole  at  each  end  of  the  crack  to  prevent  further  extension 
f  the  weakness,  and  screw  in  an  iron  stud.  Next  clean  the  out- 
ide  and  inside  of  the  fracture  very  thoroughly,  using  a  scraper 
nd  gasoline.  File  up  some  soft  copper  or  brass  spelter,  and  fill 
tie  crack,  heaping  the  filings  over  it.  Then  take  a  powerful  blow 
imp  or  a  torch  and  direct  the  flame  on  the  copper.  By  this 
lethod  a  fair  amount  of  metal  can  be  worked  into  the  opening, 
iter  cooling,  the  studs  are  cut  off  flush  and  the  copper  filed 
Qooth«    It  is  said  that  the  repair  will  endure  indefinitely. 

In  many  eases  the  crack  may  be  closed  by  making  a  xxiat  ^oViA. 
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The  first  step  is  to  drill  a  very  small  hole  at  each  end  of  the  mi 
to  prevent  it  from  spreading  and  to  drive  in  or  screw  in  a  iim( 
plug  in  each  hole.  The  crack  is  then  filled  up  with  a  paste  ma 
of  66%  fine  iron  filings  or  iron  dust  and  33%  sal-ammoniac  in  t 
pulverized  form,  with  just  enough  water  to  make  a  mixture 
proper  consistency  to  be  forced  into  the  crack  easily.  The  aed 
of  the  sal-ammoniac  is  to  rapidly  oxidize  the  fine  iron  filioj 
producing  rust  which  joins  the  various  iron  particles  together  i| 
effectively  seals  the  opening  when  it  has  properly  hardened.  , 
a  number  of  prepared  cements  for  use  with  cast  iron  may, 
purchased  at  low  cost,  it  is  often  cheaper  to  buy  the  cement  t| 
to  attempt  to  make  it. 

A  correspondent  to  Machinery  describes  still  another  cenM 
of  somewhat  different  composition  than  that  used  with  succea. 
the  writer.  This  is  composed  as  follows:  powdered  cast  iron^^ 
parts ;  powdered  sal-ammoniac,  1  part ;  powdered  sulphur,  J4  M 
These  ingredients  are  tlioroughly  mixed  together,  and  placed  ill; 
air-tight  receptacle  in  a  perfectly  dry  condition  until  waii9| 
When  a  hole  in  a  casting  is  to  be  filled,  take  what  appears  tl^ 
the  required  quantity  of  the  mixed  powder,  moisten  it  with  wij 
to  the  consistency  of  paste  or  putty,  and  fill  the  hole  or  deprari 
smoothing  it  up  and  allowing  it  to  set. 

When  very  deep  depressions  are  to  be  filled,  add  to  the  M 
mixture  an  equal  weiglit  of  fresh  ** vulcanite"  Portland  cementfl 
fore  dampening.  After  the  water  has  been  added,  so  that- 
mixture  lias  the  d<\sired  consistency,  add  non-volatile  oil  to^ 
extent  of  8  per  cent,  by  ^voight  of  the  dry  mixture  used,  and 
the  mass  until  the  oil  is  fully  emulsified;  then  apply  the 
finishing  with  a  facing  of  the  original  mixture  containing  no 
land  cement.  This  will  produce  a  filler  which  will  not 
setting. 

Another  method  sometimes  employed  is  to. clean  out  the  i 
of  the  water  jacket  thoroughly  and  put  in  a  solution  of 
of  copper  or  blue  stone,  allowing  this  to  leak  through  the 
it  will.    Care  is  taken  to  remove  any  traces  of  grease  that 
main  in  the  crack ;  this  may  be  washed  out  by  a  boiling  hot 
of  potash  or  soda.    As  the  copper  sulphate  solution  leaki 
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eposits  a  thin  copper  film,  and  if  the  crack  is  such  that  it  permits 
nly  a  slow  leak,  the  defective  point  will  be  sealed  overnight  with 
i  deposit  of  pure  copper. 

Inspecting  Cylinder  Head  Packings.— On  a  number  of  over- 
lead  valve  type  motors  having  the  valves  carried  in  a  removable 
!age  gaskets  are  used  to  obtain  a  tight  joint  when  the  cage  is 
crewed  down.  This  packing  frequently  becomes  soft,  resulting 
n  a  leak  around  the  valve.  In  multiple  cylinder  motors  the  gaskets 
[hat  are  used  at  the  point  where  the  intake  manifold  joins  the 
respective  cylinders  should  be  examined  when  the  manifold  is 
removed  to  make  sure  that  these  are  in  good  condition.  The  gasket 
It  the  exhaust  pipe  should  also  be  inspected.  The  packings  for  the 
inlet  pipe  may  be  of  well  shellacked  cardboard,  mobiline  or  other 
isbestos  packing,  or  even  sheet  rubber,  but  those  used  on  exhaust 
pipes  should  only  be  made  of  asbestos  or  copper-asbestos.  A  de- 
fective gasket  on  the  inlet  manifold  will  seriously  attenuate  the 
mixture  going  to  all  cylinders,  while  a  defective  packing  under 
the  exhaust  manifold  joints  will  have  no  effect  upon  the  operation 
of  the  motor,  the  only  result  being  a  sharp  hiss  or  whistling  sound 
due  to  the  leaky  gas. 

Engines  of  the  detachable  head  form  have  packings  that  are 
made  of  a  sheet  of  asbestos  sandwiched  between  very  thin  sheets 
of  copper.  While  these  packings  have  the  advantage  of  not  depre- 
dating rapidly,  at  the  same  time  they  may  be  packed  down  so 
solid  and  be  so  stiff  that  they  will  not  allow  the  cylinder  head  to 
bed  properly  after  they  have  been  used  for  a  time.  As  the  pack- 
ings for  the  popular  cars  using  them  may  be  purchased  at  low 
cost,  it  is  well  for  the  repairman  to  always  have  a  supply  of  these 
on  hand  to  fit  the  various  cars  he  may  undertake  to  repair.  Some 
Qrlinders,  especially  of  the  individual  casting  form,  have  a  hole 
It  the  top  which  is  used  for  holding  the  core  during  the  casting. 
Ihis  hole  is  usually  filled  with  a  plug  tightly  screwed  into  it,  and 
the  orifice  should  be  tightly  sealed  against  internal  pressure  or 
rater  leakage.  These  plugs  are  sometimes  made  of  bronze,  and  it 
I  not  nnusual  to  find  that  they  will  leak  slightly  as  they  have 
leeome  loose  due  to  the  difference  in  ratios  of  the  expansion  be- 
ween  the  iron  used  for  the  cylinder  and  the  metal  of  w\i\c\i  \,\ie 
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ping  is  composed.     If  the  cylinder  is  of  this  pattern,  thi 
should  be  looked  over  carefully 

It  sometimes  happens  that  the  retainii^  flange  at  the  I 
Uie  cylinder  may  be  cracked  or  a  corner  broken  off.  Wh 
preferred  method  of  repair  is  to  weld  it  in  place  with  th 
acetylene  torch,  an  emergency  repair  that  will  prove  very  si 
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Fig.  112. — Beiwlrlng  Broken  OyUaAn  But  FUnge. 

tory  may  be  made  as  indicated  at  Fig.  112.  This  involves  t 
of  a  bent  metal  strap  to  hold  the  piece  in  place  as  ind 
While  this  broken  piece  does  not  assist  in  retaining  the  cj 
in  place  on  the  crankcase,  it  serves  the  useful  pnrpose  of  k 
dirt  and  grit  from  entering  the  crankcase.  The  strap  asa 
holding  the  cylinder,  however. 

A  number  of  cylinder  designs,  especially  those  in  whic 
or  more  cylinders  are  cast  in  a  block,  have  a  lai^  plate 
aide  which  is  used  to  close  the  water  jacket,  this  forming  ■ 
for  an  opening  which  had  been  left  to  facilitate  foundi) 
when  the  cylinder  was  cast.  This  plate  is  either  of  sheet 
or  aluminum ;  in  some  cases  it  may  be  an  aluminum  casting '. 
a  portion  of  the  intake  manifold  cast  with  it.  Leakage  : 
veated  by  a  packing  interposed  between  the  plate  and  the  ty 
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ite  being  firmly  secured  to  the  water  jacket  by  a  number  of 
spaced  machine  screws.  This  is  a  common  method  of  con- 
m  and  one  often  finds  water  leaks  about  the  plate  on  in- 
n.  The  packing  used  is  a  rubber  and  fabric  composition  of 
•m  known  by  the  trade  name  ** Rainbow*'  steam  packing, 
lay  be  easily  cut  to  proper  size  and  holes  punched  in  with 
punch  to  allow  the  screws  to  pass  through.  In  some  in- 
simply  removing  the  plate  and  smearing  the  gasket  with 
or  red  lead  and  then  replacing  the  plate,  taking  care  to 
down  all  the  screws  tightly,  will  cure  the  leak.  One  ad- 
e  of  tin's  plate  is  that  it  may  be  easily  removed  to  permit 
>airman  to  clean  out  the  water  jacket  thoroughly  of  any 
ilation  of  rust  or  sediment  which  may  have  become  de- 
there  and  which  will  interfere  with  proper  cooling.  On 
orms  of  cylinders,  applied  copper  water  jackets  are  used, 
sb'ght  leak  may  be  manifested  at  the  lower  joint.  This  may 
[)ped  in  most  cases  by  just  peening  in  the  retention  or 
Dg  ring,  soldering  or  by  calking  with  lead. 
ive  Removal  and  Inspection. — One  of  the  most  important 
if  the  gasoline  engine  and  one  that  requires  frequent  in- 
n  and  refitting  to  keep  in  condition  is  the  mushroom  or 
valve  that  controls  the  inlet  and  exhaust  gas  fiow.  In 
oling  it  is  essential  that  these  valves  be  removed  from  their 
%  and  examined  carefully  for  various  defects  which  will  be 
rated  at  proper  time.  The  problem  that  concerns  us  now 
best  method  of  removing  the  valve.  These  are  held  against 
rting  in  the  cylinder  by  a  coil  spring  which  exerts  its  pres- 
1  the  cylinder  casting  at  the  upper  end  and  against  a  suit- 
)llar  held  by  a  key  at  the  lower  end  of  the  valve  stem.  In 
to  remove  the  valve  it  is  necessary  to  first  compress  the 
by  raising  the  collar  and  pulling  the  retaining  key  out  of 
l?e  stem.  Many  forms  of  valve  spring  lifters  have  been 
ed  to  permit  ready  removal  of  the  valves.  The  most  com- 
vms  that  have  received  application  in  practice  are  shown  at 
113  and  114.  The  form  shown  at  Fig.  113,  A,  is  composed 
I  levers  hinged  together  in  such  a  way  that  squeezing  the 
■  together  will  spread  the  other  ends  instead  of  closing  tl[iem 
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as  is  the  case  with  pliers.  One  end  of  the  tool  is  re: 
valve  lift  plunger,  the  other  end  bears  against  the  val 
collar,  as  indicated.  When  the  handles  are  pressed  to^ 
valve  spring  collar  is  raised,  this  compressing  the  spring 
mitting  removal  of  the  retaining  key.  A  ratchet  lock  is 
to  keep  the  handles  closed  so  that  both  hands  may  b 
lifting  the  key  out  of  the  valve  stem,  if  necessary, 
outlined  at  B  consists  of  a  hinge  or  supporting  meml 
lever  carrying  a  fork  at  one  end  to  engage  the  valve  spri 
The  fulcrum  member  is  carried  by  an  adjustable  sui: 
which  it  is  threaded.  The  supporting  piece  may  be  mo^ 
down  on  the  fulcrum  bolt,  this  adapting  the  tool  for  vari 
and  sizes  of  valves.  The  device  outlined  at  C  consists  o 
having  a  slotted  bearing  for  the  spring  lifting  bell  crank  s 
bolt,  making  it  possible  to  move  that  member  up  or  dowi 
the  tool  for  different  spaces  between  the  valve  spring  colk 
valve  operating  push  rod.  The  bell  crank  is  lifted  b> 
which  makes  it  possible  to  compress  the  heaviest  val 
without  trouble. 

One  objection  against  either  of  the  forms  of  valve  spr: 
shown  at  A,  B  and  C  is  that  some  means  must  be  pr 
prevent  the  valve  head  from  coming  oflF  its  seat.  This 
done  by  interposing  a  small  block  of  wood  between  the  v 
and  the  valve  chamber  cap  or  by  holding  the  valve  hea 
the  seat  with  a  screw-driver  or  other  tool.  The  valve  spi 
shown  at  D  has  the  important  advantage  of  keeping 
liead  firmly  pressed  against  the  seat  at  the  same  time 
valve  spring  cap  or  collar  is  lifted.  This  consists  of  a  a 
lever  of  peculiar  shape  provided  with  notches  to  engaj 
chain.  One  end  of  the  jack  chain  is  attached  to  a  hook 
intended  to  bear  down  against  the  valve  head.  Anot 
in  which  the  hook  principle  is  carried  out  is  shown  at 
consists  of  a  frame  bar  having  a  series  of  holes  at  its  1 
designed  to  fit  the  fulcrum  pin  of  the  valve  spring  liftini 

Another  application  of  the  screw  form  of  valve  spr 

is  shown  at  F.     This  consists  of  a  main  portion  or  f 

having  the  upper  end  threaded  to  fit  the  T-handle  screw 
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lower  end  is  in  the  form  of  a  yoke  to  straddle  the  valve  stem  anc 
lift  the  valve  spring  collar.  This  is  a  very  eflScient  form  and  ha 
the  advantage  of  keeping  the  spring  compressed  as  long  as  de 
sired,  permitting  ready  removal  of  the  valve  key,  which  is  ai 
advantage  not  possessed  by  the  lever  form  in  which  one  hand  mm 
be  used  at  the  lever  end  while  the  other  is  depended  on  to  removi 
the  key.  With  the  valve  spring  lifter  shown  at  A,  C  and  P,  botl 
hands  may  be  used  for  the  work,  as  the  devices  will  keep  thi 
spring  compressed  as  long  as  desired.  The  construction  is  » 
clearly  shown  that  any  one  of  the  valve  spring  lifters  outline< 
may  be  readily  duplicated  by  the  repairman  at  slight  expense. 

An  ingenious  method  of  keeping  a  valve  spring  compressei 
while  the  key  is  extracted  from  the  stem  is  shown  at  Fig.  114,  i 
A  piece  of  iron  pipe  is  cut  of  such  length  that  two  pieces  may  b 
obtained  by  cutting  the  pipe  longitudinally  in  half.  The  longes 
of  these  pieces  is  of  such  height  as  is  necessary  to  raise  the  valv 
spring  collar  sufficiently  high  to  free  it  entirely  from  the  kej 
The  other  piece  is  shorter.  In  operation  the  valve  lift  plunger  i 
raised  by  its  cam  as  shown  at  A  1.  This  permits  one  to  introduc 
the  short  piece  of  pipe  between  the  crankcase  and  the  valve  sprin 
collar.  The  camshaft  is  then  rotated  until  the  plunger  returns  t 
the  lower  end  of  its  stroke  again.  A  wide  space  then  exists  b( 
tween  the  end  of  the  valve  stem  and  the  top  of  the  plunger,  j 
piece  equal  to  the  difference  in  height  between  the  short  pipe  show 
at  A  1  and  the  long  piece  of  pipe  shown  at  A  3  is  then  inserte 
to  fill  this  space  between  the  valve  stem  and  plunger.  The  can 
shaft  is  again  rocked  or  turned  sufficiently  so  the  cam  again  rais< 
the  valve  plunger.  This  brings  the  valve  spring  collar  still  highc 
and  permits  one  to  insert  the  long  piece  of  pipe  as  at  A  3.  Whe 
the  valve  head  is  pushed  down  on  its  seat  the  key  is  readily  ai 
cessible,  and  may  be  easily  removed  with  a  small  pair  of  pliers. 

The  special  valve  spring  lifter  furnished  for  Ford  repairme 
has  been  previously  outlined.  The  method  of  using  it  is  show 
at  Fig.  114,  B.  The  construction  of  a  simple  valve  spring  liftt 
that  can  be  used  on  two  valves  at  a  time  is  shown  at  C.  This  eoi 
sists  of  a  forked  casting  adapted  to  bear  on  the  valve  plunger  guid 
tops  and  carrying  a  steel  stud  at  its  center.    The  member  designe 


Method*  of  Valve  Semoval 


^a 


Pig.  114. — ^ValTe  Spring  Iiiftlng  Tools  of  Varied  Dralgn. 


e  the  valve  spnog  collar  is  also  a,  casting  of  such  form 
ted  in  the  plan  view  at  C.  This  has  three  slots  making  it 
o  insert  it  easily  between  the  valve  spring  collar  and  the 
ng  through  the  valve  stem.  If  one  screws  up  on  the  lift- 
it  is  apparent  that  the  valve  Bpring  will  be  compreasei 
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and  the  pins  passing  through  the  valve  stem  may  be  easily  re 
moved.  This  device  is  especially  adapted  for  use  on  Ford  motors 
The  Winsor  valve  spring  lifter  shown  at  D  is  a  modification  of  th( 
form  shown  at  Fig.  113,  E.  The  arm  on  which  the  supportinf 
chain  is  hooked  is  carried  by  a  bolt  adapted  to  screw  into  th( 
spark  plug  hole  in  the  valve  chamber  cap.  This  carries  a  bol 
through  its  center  which  may  be  screwed  down  to  hold  the  valvi 
head  securely  against  the  seat.  Under  these  conditions  it  is  no 
difficult  to  raise  the  valve  spring  collar  with  the  lever  providec 
for  the  purpose  and  extract  the  spring  retaining  key  or  pin.  I 
double  forked  form  of  valve  spring  lifter  known  as  the  **Uni 
versar'  is  shown  at  Fig.  114,  E.  This  works  on  the  same  principl 
as  that  shown  at  Fig.  113,  A,  a  screw  being  used  to  spread  th 
ends  which  are  forked  to  fit  around  the  valve  stem  and  the  valv 
lift  plunger  respectively. 

When  the  cylinder  is  of  the  valve  in-the-head  form,  the  metho< 
of  valve  removal  will  depend  entirely  upon  the  system  of  cylinde 
construction  followed.  In  the  Knox  cylinder  shown  at  Fig.  10! 
it  is  passible  to  remove  the  head  from  the  individual  cylinde 
castings  and  the  valve  springs  may  be  easily  compressed  by  an; 
suitable  means  when  the  cylinder  head  is  placed  on  the  work  bend 
where  it  can  be  easily  worked  on.  The  usual  method  is  to  plac 
the  head  on  a  soft  cloth  with  the  valves  bearing  against  th 
bench.  The  valve  springs  may  then  be  easily  pushed  down  wit" 
a  simple  forked  lever  and  the  valve  stem  key  removed  to  releas 
the  valve  spring  collar.  In  the  Franklin  engine,  which  is  show 
in  part  section  at  Fig.  115,  it  is  not  possible  to  remove  the  valve 
without  taking  the  cylinder  off  the  crank  case,  because  the  valv 
seats  are  machined  directly  in  the  cylinder  head  and  the  valv 
domes  are  cast  integrally  with  the  cylinder.  This  means  tha^  i 
the  valves  need  grin<ling  the  cylinder  must  be  removed  from  th 
engine  base  to  provide  access  to  the  valve  heads  which  are  insid 
of  that  member,  and  which  cannot  be  reached  from  the  outsid 
as  is  true  of  the  L-.or  T-cylinder  construction. 

The  preferred  method  of  carrying  the  valves  when  they  ar 
placed  in  the  cylinder  head  is  shown  at  Fig.  116,  which  is  a  pai 
sectjonal  view  of  the  Buick  6-cylinder  motor.    The  valves  are  cai 
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ried  in  cages  which  are  readily  removed  from  the  cylinder  hfli 
by  unscrewing  the  retention  nut  that  keeps  the  valve  cage  ti|^ 
pressed  against  the  seating  at  its  lower  end  to  obtain  a  gas-ti^ 
joint.  The  valve  cages  are  easy  to  handle  and  it  is  a  relativd 
simple  operation  to  compress  the  valve  spring  and  remove  the  pi 
which  makes  for  easy  removal  of  the  valve.  When  this  constro 
tion  is  followed  it  is  possible  to  grind  in  the  valve  by  simply  t 
moving  the  cage  assemblies  from  the  cylinder.  It  is  not  neceM 
to  disturb  the  cylinder  in  any  way  and  does  not  call  for  diMQl 
nection  of  intake  or  exhaust  manifolds ;  the  only  things  that  UN 
be  removed  are  the  valve  operating  tappets,  which  is  work  of  bi 
a  few  moments. 

The  detachable  head  idea  has  been  carried  out  in  a  distinetil 
manner  on  the  Premier- Weidely  motor,  which  is  shown  in  pi 
section  at  A,  Fig.  117.  In  this  the  valves  seat  directly  into  f| 
cylinder  head  member  which  serves  six  cylinders.  This  coi 
tion  is  made  possible  by  casting  the  six  cylinders  in  a  block 
using  the  type  of  cylinder  head  packing  made  popular  by 
Ford  car.  The  valves  are  operated  by  an  overhead  camshaft 
depresses  the  valve  stems  through  the  medium  of  a  cam 
which  relieves  the  valve  stem  of  the  side  thrust  which  would 
present  if  the  cam  worked  directly  against  the  end  of  the 
stem.  In  order  to  remove  the  valve  with  this  constructkni 
necessary  to  dismount  the  camshaft  and  cam  riders  whidi 
shown  at  B,  in  order  to  expose  the  valve  spring  collars  as 
cated  at  D.  The  entire  cylinder  head  may  be  tilted  up  a 
bench  as  shown  at  C,  which  gives  ready  access  to  the  valves 
are  provided  with  a  slotted  boss  making  it  possible  to  torn 
with  a  screw-driver  bit  when  grinding  them  to  a  correct 
It  is  evident  that  the  valves  cannot  be  worked  on  withoolr; 
moving  the  cylinder  head  from  the  cylinder  block  casting. 
Reseating  and  Truing  Valves.— Much  has  been  said 
to  valve  grinding,  and  despite  the  mass  of  information 
the  trade  prints  it  is  rather  amusing  to  watch  the  average 
man  or  the  motorist  who  prides  himself  on  maintaining 
ear  performing  this  essential  operation.  The  common 
are  attempting  to  seat  a  badly  grooved  or  pitted  valve  hei 
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equally  bad  seat,  which  is  an  almost  hopeless  job,  and  of  u 
coarse  emery  and  bearing  down  with  all  one's  weight  on 
grinding  tool  with  the  hope  of  quickly  wearing  away  the  ra 
surfaces.  The  use  of  improper  abrasive  material  is  a  fertile  ei 
of  failure  to  obtain  a  satisfactory  seating.  Valve  grinding  is 
a  difficult  operation  if  certain  precautions  are  taken  before  luu 
taking  the  work.     The  most  important  of  these  is  to  ascerl 
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Fig.    117. — Sectional   Vl«w   Showliig    Oonstnictloii   of 

Orethead  V«1t«,  Detadwble  Ojrtinder  HMd  Hotoi. 


if  the  valve  head  or  seat  is  badly  scored  or  pitted.  If  sach  is  fn 
to  be  the  cause  no  ordinary  amount  of  grinding  will  sent 
restore  tlie  surfaces.  In  this  event  the  best  thing  to  do  it 
remove  the  valve  from  its  seating  and  to  smooth  down  both 
valve  head  and  the  seat  in  tlie  cylinder  before  attempt  ii  ■ 
to  fit  them  together  by  grinding.  Another  important  preend 
is  to  uiaki'  sure  that  the  valve  stem  is  straight,  and  that  tba  \ 
is  not  warped  out  of  shape  or  loose  on  the  stem  when  tlu  n 
is  a  two-piece  member, 

A  number  of  simple  tools  is  available  at  the  present  tSam^ 
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nwating  valves,  these  being  outlined  at  Fig.  118.  That  shown  at 
A  is  a  simple  fixture  for  facing  off  the  valve  head.  The  stem  is 
tiq>ported  by  suitable  bearings  carried  by  the  body  or  shank  of  the 
tooL  and  the  head  is  turned  against  an  angularly  disposed  cutter 
nhich  is  set  for  the  proper  valve  seat  angle.  The  valve  head  is 
turned  by  a  screw-driver,  the  amount  of  stock  removed  from  the 
\  liead  depending  upon  the  location  of  the  adjusting  screw.  Care 
Bust  be  taken  not  to  remove  too  much  metal,  only  enough  being 
tiken  off  to  remove  the  most  of  the  roughness.  Valves  are  made 
in  two  standard  tapers,  the  angle  being  either  45  or  60  degrees. 
It  is  imperative  that  the  cutter  blade  be  set  correctly  in  order  that 
fhft  bevel  is  not  changed.  A  set  of  valve  truing  and  valve-seat 
Riming  cutters  is  shown  at  Fig.  118,  B.  This  is  adaptable  to  vari- 
•w  size  valve  heads,  as  the  cutter  blade  D  may  be  moved  to  cor- 
mpond  to  the  size  of  the  valve  head  being  trued  up.  These  cutter 
Uades  are  made  of  tool  steel  and  have  a  bevel  at  each  end,  one 
■145  degrees,  the  other  at  60  degrees.  The  valve  seat  reamer  shown 
■t  6  will  take  any  one  of  the  heads  shown  at  F.  It  will  also  take 
Mf  one  of  the  guide  bars  shown  at  H.  The  function  of  the  guide 
Wrs  is  to  fit  the  valve  stem  bearing  in  order  to  locate  the  reamer 
«cnrately  and  to  insure  that  the  valve  seat  is  machined  concentri- 
•lly  with  its  normal  center.  Another  form  of  valve  seat  reamer 
•nd  a  special  wrench  used  to  turn  it  is  shown  at  C.  The  valve 
Wid  truer  shown  at  Fig.  118,  D,  is  intended  to  be  placed  in  a  vise 
nd  is  adaptable  to  a  variety  of  valve  head  sizes.  The  smaller 
nlvcs  merely  fit  deeper  in  the  conical  depression.  The  cutter 
Hide  is  adjustable  and  the  valve  stem  is  supported  by  a  simple 
[lelf-centering  bearing.  In  operation  it  is  intended  that  the  valve 
ten,  which  protrudes  through  the  lower  portion  of  the  guide 
kuing,  shall  be  turned  by  a  drill  press  or  bit  stock  while  the 
l^llfe  head  is  set  against  the  cutter  by  pressure  of  a  pad  carried 
'M  file  end  of  a  feed  screw  which  is  supported  by  a  hinged  bridge 
[tanber.  This  can  be  swung  out  of  place  as  indicated  to  permit 
the  valve  head  against  the  cutter  or  removing  it. 
As  the  sizes  of  valve  heads  and  stems  vary  considerably  a 
iversal"  valve  head  truing  tool  must  have  some  simple  means 
mtering  the  valve  stem  in  order  to  insure  concentrie  maeWmmg 
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Fig.  US'— Tools  for  BMtorlng  VolTe  Head  ftnd  Sokts. 
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of  the  valve  head.    A  valve  head  truer  which  employs  an  ingenioi 

method  of  guiding  the  valve  stem  is  shown  at  Fig.  118,  E.    Tt 

deviee  consists  of  a  body  portion  B,  provided  with  an  extern; 

thread  at  the  top  on  which  the  cutter  head  A,  is  screwed.     . 

nnmber  of  steel  balls  C,  are  carried  in  the  grooves  which  ms 

be  altered  in  size  by  the  adjustment  nut  F,  which  screws  in  tl 

bottom  of  the  body  portion  B.    As  the  nut  F  is  screwed  in  again 

the  spacer  member  E,  the  V-grooves  are  reduced  in  size  and  t] 

steel  balls  C  are  pressed  out  in  contact  with  the  valve  stem.    As  tl 

eurele  or  annulus  is  filled  with  balls  in  both  upper  and  lower  portioj 

the  stem  may  be  readily  turned  because  it  is  virtually  supports 

by  ball  bearing  guides.    When  a  larger  valve  stem  is  to  be  su] 

ported,  the  adjusting  nut  F,  is  screwed  out  which  increases  tl 

size  of  the  grooves  and  permits  the  balls  C,  to  spread  out  ai 

allow  the  larger  stem  to  be  inserted. 

In  straightening  a  spindle,  light  shaft  or  valve  stem  that  h 

accidentally  become  bent,  hammering  the  piece  straight  is  cru< 

and  unmechanical  and  usually  results  in  bruising  it.     A  bett 

way  to  straighten  a  bent  valve  stem  is  shown  in  the  illustratioi 

at  Fig.  119.    The  part  to  be  straightened,  in  this  case  an  exhau 

valve,  should  first  be  heated  at  the  bent  portion  with  a  flame  fro 

a  blow  torch  which  is  deflected  against  the  portion  to  be  rai8< 

to  a  high  temperature  by  a  simple  band  iron  fixture  to  local! 

the  flame.    This  is  indicated  at  A,  and  the  method  of  using  it 

ahown  at  B.    While  the  bend  is  still  hot  the  valve  stem  is  place 

between  the  jaws  of  a  strongly  built  vise  as  shown  at  C.    Cut 

Sle  V-sbape  notches  in  three  nuts  or  other  pieces  of  metal,  h 

the  bent  piece  between  the  jaws  with  one  of  the  nuts  under  t 

bent  portion  and  the  other  two  spaced  further  apart  as  indicate 

Apply  steady  pressure  with  the  vise  screw  and  the  piece  w 

spring  back  into  shape.    By  moving  the  supporting  blocks  X  fro 

one  portion  of  the  valve  stem  to  the  other,  always  exerting  pr< 

sure  against  the  bent  part  or  high  spot  with  one  of  the  nu^ 

it  will  be  i>06sible  to  straighten   the  stem  by   removing  kin 

at  all  points.    While  it  is  preferable  to  support  the  valve  in  lat 

centers  to  determine  when  it  is  accurately  straightened,  if  a  lat! 

is  not  available  a  simple  frame  aa  shown  at  D,  in  whicYv  i\a\\^  \ 
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used  as  centers  in  upright  blocks  of  wood  may  be  extern] 
The  valve  is  swung  around  and  the  high  portions  are  in 
with  a  piece  of  chalk. 

The  use  of  a  clamp  to  straighten  the  valve  stem  is  si 
D-2,  this  being  suggested  for  use  where  a  vise  is  not  a^ 
A  stiff  metal  piece  is  laid  on  top  of  the  clamp  screw  and  t 
porting  blocks  are  placed  on  it  to  keep  the  valve  in  place, 
of  soft  sheet  metal  such  as  brass  or  copper  is  interposed  1 


•SofW 


Fig.  119. — Simple  Methods  of  Straightening  Bent  Valve  St 

the  fixed  end  of  the  clamp  and  the  valve  stem  in  order  no1 
that  member.  The  method  of  straightening  a  bent  valve 
order  to  permit  the  removal  of  that  member  when  it  is 
in  a  removable  valve  cage  is  showni  at  Fig.  119,  E,  If 
tempts  to  press  or  drive  the  valve  out  when  the  stem  stic 
being  bent  the  valve  stem  guide  is  apt  to  be  broken,  be 
is  of  cast  iron  which  is  a  brittle  material  that  will  not  stai 
stresses. 

In  straightening  the  valve  the  vise  jaws  are  provided  i 
metal  cap  pieces  and  the  cast  iron  valve  stem  guide   i 
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gripped  between  these  members.    When  supported  in  this  manne 

there  is  no  danger  of  breaking  off  the  boss  and  the  stem  ma; 

be  straightened  by  blows  from  the  hammer,  taking  care  to  interpos 

a  block  of  hard  wood  or  a  piece  of  babbitt  metal  between  th 

valve  stem  and  the  hammer.    When  the  valve  cage  is  placed  in  th 

viae  care  will  be  taken  to  have  the  bent  portion  of  the  stem  at  th 

end  of  the  hub  and  it  will  also  be  important  to  have  the  valve  stei 

ao  inclined  that  the  blows  directed  against  it  will  be  exerted  alouj 

the  longitudinal  center  line  of  the  vise.     The  valve  stems  ar 

often  bent  when  a  wrench  used  to  remove  the  cages  slips  an 

strikes  the  valve  stem.     The  repairman  may  consider  the  wor 

sufficiently  well  done  when  the  stem  has  been  so  straightened  the 

the  valve  vnll  fall  out  of  the  cage  of  its  own  weight.    It  is  eviden 

that  the  hammer  blows  must  be  carefully  directed  and  that  th 

force  of  these  be  gauged  intelligently  as  it  is  better  to  do  th 

straightening  with  a  series  of  light  blows  than  with  a  lesse 

number  of  heavy  ones  which  may  cause  damage. 

Valve  Orinding  Processes. — Mention  has  been  previously  mad 
of  the  importance  of  truing  both  valve  head  and  seat  before  a1 
tempt  is  made  to  refit  the  parts  by  grinding.  The  appearance  c 
a  valve  head  when  pitted  or  scored  is  indicated  at  Fig.  120,  J. 
in  order  that  the  motorist  or  novice  repairman  can  readily  identif 
this  defective  condition.  After  smoothing  the  valve  seat  the  nea 
step  is  to  find  some  way  of  turning  the  valve.  Valve  heads  ai 
usaally  pro\ided  with  a  screw  driver  slot  passing  through  tl 
boas  at  the  top  of  the  valve  or  with  two  drilled  holes  to  take 
toAed  grinding  tooL  The  method  of  arranging  the  valve  hea 
for  the  grinding  tool  and  the  types  of  grinding  tools  common! 
used  are  also  shown  at  Fig.  120,  A.  A  combination  grinding  tO( 
which  may  be  used  when  either  the  two  drilled  holes  or  the  slotte 
head  form  of  valve  is  to  be  rotated  is  shown  at  Fig.  120,  B.  Th 
consists  of  a  special  form  of  screw  driver  having  an  enlarged  bo 
just  above  the  blade,  this  bjss  serving  to  support  a  U-shape  pie< 
which  can  be  securely  held  in  operative  position  by  the  clam 
screw  or  which  can  be  turned  out  of  the  way  if  the  screw  driv( 
blade  is  to  be  used. 

As  it  is  Aeaarahle  to  turn  the  valve  through  a  portion  o£  a  tc" 
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lution  and  back  again  rather  than  turning  it  always  in  the 
direction,  a  number  of  special  tools  has  been  designed  to 
this  oscillating  motion  possible  without  trouble.  A  simple 
grinding  tool  is  shown  at  Fig.  120,  C.  This  consists  of  a  i 
driver  blade  mounted  in  a  handle  in  such  a  way  that  the  end 
turn  freely  in  the  handle.  A  pinion  is  securely  fastened  t 
screw  driver  blade  shank,  and  is  adapted  to  fit  a  race  provided 
a  wood  handle  and  guided  by  a  bent  bearing  member  sec 
fastened  to  the  screw  driver  handle.  As  the  rack  is  pushed 
and  forth  the  pinion  must  be  turned  first  in  one  direction  and 
in  the  other. 

A  valve  grinding  tool  patterned  largely  after  a  breast 
is  shown  at  Fig.  120,  D.  This  is  worked  in  such  a  manner  t 
continuous  rotation  of  the  operating  crank  will  result  in  an 
lating  movement  of  the  chuck  carrying  the  screw  driver  I 
The  bevel  pinions  which  are  used  to  turn  the  chuck  are  non 
free  unless  clutched  to  the  chuck  stem  by  the  sliding  sleeve  i 
must  turn  with  the  chuck  stem  and  which  carries  clutching  : 
bers  at  each  end  to  engage  similar  members  on  the  bevel  pi 
and  lock  these  to  the  chuck  stem,  one  at  a  time.  The  bevel 
carries  a  cam  piece  which  moves  the  clutch  sleeve  back  and 
as  it  revolves.  This  means  that  the  pinion  giving  forward  m 
of  the  chuck  is  clutched  to  the  chuck  spindle  for  a  portion 
revolution  of  the  gear  and  clutch  sleeve  is  moved  back  by  the 
and  clutched  to  the  pinion  giving  a  reverse  motion  of  the  c 
during  the  remainder  of  the  main  drive  gear  revolution. 

A  method  that  can  be  used  for  smoothing  the  surface 
valve  head  when  the  usual  form  of  valve  head  truer  is  not  i 
able  is  indicated  at  Fig.  120,  E.  The  valve  heads  are  xm 
provided  with  a  small  depression  in  the  center  known  as  a  con 
sink  which  is  designed  to  act  as  a  support  for  the  valve  ^ 
it  is  being  machined  from  the  forging.  The  stem  of  the  val 
caught  in  the  chuck  of  a  bit  stock  and  rested  on  any  ahaxp  ] 
on  a  wall  or  bench.  This  can  be  easily  made  by  driving  a  1 
wire  nail  in  the  bench  from  underneath  so  that  the  point  pf^ 
through  the  bench.  The  bit  stock  is  briskly  turned  by  a  hi 
and  the  rough  spots  are  removed  from  the  seat  with  a  fiae  fihJS 
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being  taken  not  to  change  the  taper  of  the  valve  head.  Tl 
Btem  could  be  turned  much  faster  and  a  superior  finish  obtai 
breast  drill  were  used  instead  of  a  bit  stock,  though  with 
very  creditably  job  may  be  done  with  the  latter. 

One  of  the  things  to  watch  for  in  valve  grinding  is 
indicated  at  Fig.  120,  F.  It  sometimes  happens  that  the  ai 
screw  on  the  vi 
plunger  or  th 
lift  plunger  its 
not  permit  th 
head  to  rest 
the  seat.  Wl 
condition  is  e 
ated  in  the  al 
will  be  appare 
unless  a  definit 
exists  between 
of  the  valve  Bt< 
the  valve  lift  ] 
that  grinding 
of  little  avail 
the  valve  head  ' 
bear  properly 
the  abrasive  i 
smeared  on  thi 
seat. 

The  usual  i 
of  valve  grind: 
clearly  outl 
Fig.  122.  The 
the  left  shoi 
method  of  turn 
vnlve  by  an  ordinary  screw  driver  and  also  shows  a  valve 
A,  having  both  tlie  drilled  holes  and  the  screw  driver  slot  ft 
ing  the  member  and  two  special  forms  of  fork-end  valve  g 
tools.  In  the  sectional  view  shown  at  the  right,  the  use  of  tl 
spring  between  the  valve  liead  and  the  bottom  of  the  valve  e 


Tig.  121.— A  HbU  or  Piece  of  Wlra  Onlr 
Tool  NeceaauT  for  Urindlng  Bnlck 
ValvM  to  Oomct  Seating  In  Cag«. 
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» lift  the  valve  head  from  the  seat  whenever  pressure  on  the  grind- 
in;  tool  is  released  is  clearly  indicated.  It  will  be  noted  also 
that  A  ball  of  waste  or  cloth  is  interposed  in  the  passage  between  the 
ralre  chamber  and  the  cylinder  interior  to  prevent  the  abrasive 
matemi  from  passing  into  the  cylinder  from  the  valve  chamber. 
When  a  bifstock  is  used,  instead  of  being  given  a  true  rotary 


Flf.  122.— Sliowliis  PracUcal  Hetlioda  of  Valv«  arindlnK.    At  Left,  with 
Ordlnarr  Scraw  Drlvar;  U  Biglit,  with  Screw  Driver  Bit  and  Bltitock. 


motion  the  chuck  is  merely  oscillated  through  the  greater  part 
}f  the  circle  and  back  again.  It  is  necessary  to  lift  the  valve 
Erom  its  seat  frequently  as  the  grinding  operation  continues,  this 
a  to  provide  an  even  distribution  of  the  abrasive  material  placed 
wtween  the  valve  head  and  its  seat.  Only  sufficient  pressure  is 
ivcD  to  the  bitstock  to  overcome  the  uplift  of  the  spring  and  to 
omre  that  the  valve  ^ill  be  held  against  the  seat.  Where  the  spring 
I  Dot  used  it  is  possible  to  raise  the  valve  from  time  to  time  with 
he  band  which  is  placed  under  the  valve  stem  to  raise  it  as  the 
rindinjT  i«  carried  on.    It  is  not  always  possible  to  Mt  tt\e  NBlWft 


218  ^lulomobilc  licpmnny  Made  Kasy 

in  this  manner  when  the  cylinders  are  in  place  on  the  engine  bu 
owing  to  (he  space  between  the  valve  lift  plunger  and  the  end  ■ 
the  valve  stem.  In  this  event  the  use  of  the  spring  as  s 
in  sectional  view  will  be  desirable. 

The  abrasive  generally  used  is  a  paste  made  of  medium  or  9mcL 
emery  and  lard,  oil  or  kerosene.     This  is  used  until  the  surface 
are  comparatively  smooth,  after  which  the  final  polish  or  finish 
given  with  a  paste  of  flour  emery,  grindstone  dust,  crocus,  or  grooKS 
glass  and  oil.    An  erroneous  impression  prevails  in  sonio  quarts-' 
that  the  valve  head  surface  and  the  seating  must  have  a  mirror-lLS 
polish.     While  this  is  not  necessary  it  is  essential  that  the  sfS^ 
in  the  cylinder  and  the  bevel  surface  of  the  head  be  smooth  and  fc-« 
from  pits  or  scratches  at  the  completion  of  the  operation.    .A. 
traces  of  the  emery  and  oil  should  be  thoroughly  washed  out  of  l:Jb 
valve  chamber  with  gasoline   before  tlie  valve  mechanisnt  is  ^u 
sembled  and  in  fact  it  is  advisable  to  remove  the  old  grinding  coxc 
pound  at  regular  intervals,  wash  the  seat  thoroughly  and  supptj 
fresh  material  as  the  process  is  in  progress.    The  truth  of  seatinfS' 
may  be  tested  by  taking  some  Prussian  blue  pigment  and  spre 
ing  a  thin  film  of  it  over  the  valve  seat.    The  valve  is  dropp< 
place  and  is  given  about  one-eighth  turn  with  a  little  pree 
the  tool.    If  the  seating  is  good  both  valve  head  and  seat  will  b 
ered  uniformly  with  color.    If  high  spots  exist,  the  heavy  def 
of  color  will  show  these  while  the  low  spots  will  be  made  evidcm 
because  of  the  lack  of  pigment.     The  grinding  process  should  h 
eontinued  until  the  test  shows  an  even  bearing  of  the  vulve  helj 
at  all  points  of  the  cylinder  seating.     When  the  valves 
in  cages  it  is  possible  to  catch  the  cage  in  a  vise  and  to  turn  tl 
valve  in  any  of  the  ways  indicated.     It  is  much  ea8i<.-r  to  c 
off  the  emery  and  oil  and  there  is  absolutely  no  danger  of  % 
the  abrasive  material  in  the  cylinder  if  the  construction  iflfl 
that  the  valve  cage  or  cylinder  head  member  carrying  the  1^ 
can  be  removed  from  the  cylinder.    When  valves  are  held  in  • 
the  tightness  of  the  seat  may  be  tested  by  partially  filling  thai 
with  gasoline  and  noticing  how  much  liquid  oozes  oat  aroni 
valve  head.    The  degree  of  moisture  present  indicates  the  effiea^Bt 
the  grinding  process.  -^^i 
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Depredation  in  Valve  Operating  Systems. — There  are  a  nun 
bcr  of  points  to  be  watched  in  the  valve  operating  system  becaui 
valve  timing  may  be  seriously  interfered  with  if  there  is  muc 
lost  motion  at  the  various  bearing  points  in  the  valve  lift  mechai 
ism.  The  two  conventional  methods  of  opening  valves  are  show 
at  Pig.  123,  That  at  A,  is  the  type  employed  when  the  vah 
cages  are  mounted  directly  in  the  head,  while  the  form  at  B, 
the  system  used  when  the  valves  are  located  in  a  pocket  or  e: 
tension  of  the  cylinder  casting  as  is  the  case  if  an  L,  or  T-hea 
cylinder  is  used.  It  will  be  evident  that  there  are  several  poin 
where  depreciation  may  take  place.  The  simplest  form  is  thj 
shown  at  B,  and  even  on  this  there  are  five  points  where  lost  m( 
tion  may  be  noted.  The  periphery  of  the  valve  opening  cam  < 
roller  may  be  worn  though  this  is  not  likely  unless  the  rolh 
or  cam  has  been  inadvertently  left  soft.  The  pin  which  acts  i 
a  bearing  for  the  roller  may  become  worn,  this  occurring  quii 
often.  Looseness  may  materialize  between  the  bearing  surface 
of  the  valve  lift  plunger  and  the  plunger  guide  casting  and  thei 
may  also  be  excessive  clearance  between  the  top  of  the  plunge 
and  the  valve  stem. 

On  the  form  shown  at  A,  there  are  several  parts  added  to  tho« 

indicated  at  B.    A  walking  beam  or  rocker  lever  is  necessary  1 

transform  the  upward  motion  of  the  tappet  rod  to  a  downwai 

motion  of  the  valve  stem.    The  pin  on  which  this  member  fulcrun 

may  wear  as  will  also  the  other  pin  acting  as  a  hinge  or  bearin 

for  the  yoke  end  of  the  tappet  rod.    It  will  be  apparent  that 

alight  play  existed  at  each  of  the  points  mentioned  it  might  resu 

in  a  serious  diminution  of  valve  opening.    Suppose,  for  exan^pl 

that  there  were  .005-inch  lost  motion  at  each  of  three  bearing  point 

the  total  lost  motion  would  be  .015-inch  or  sufiicient  to  produi 

noii^  action  of  the  valve  mechanism.     When  valve  plungers  < 

the  adjustable  form,  such  as  shown  at  B,  are  used,  the  hardene 

bolt  head  in  contact  with  the  end  of  the  valve  stem  may  becon 

hollowed  out  on  account  of  the  hammering  action  at  that  poin 

It  is  imperative  that  the  top  of  this  member  be  ground  off  \t\ 

and  the  clearance  between  the  valve  stem  and  plunger  properly  a< 

justed..  If  the  plunger  is  a  non-adjustable  type  it  will  be  neeesab 
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fthen  the  valve  stem  by  some  means  in  order  to  reduce 
:cessive  clearance.  The  only  remedy  for  wear  at  the  various 
(  and  bearing  pins  is  to  bore  the  holes  out  slightly  larger 
» fit  new  hardened  steel  pins  of  larger  diameter.  Depreciation 
?n  the  valve  plunger  guide  and  the  valve  plunger  is  usually 
ied  by  fitting  new  plunger  guides  in  place  of  the  worn  ones. 
^re  is  8u£Scient  stock  in  the  plunger  guide  casting  as  is 
i  the  case  when  these  members  are  not  separable  from  the 
er  casting,  the  guide  may  be  bored  out  and  bushed  with  a 
>ronze  bushing. 

tother  point  where  depreciation  must  be  looked  for  is  be- 
the  valve  stem  and  the  valve  stem  guide  in  the  cylinder, 
lethods  of  repairing  this  defect  are  clearly  indicated  at  Pig. 
A  common  cause  of  irregular  engine  operation  is  due  to  a 
g  valve,  which  condition  is  clearly  depicted  at  Fig.  123,  C. 
my  be  due  to  a  bent  valve  stem,  a  weak  or  broken  valve 

or  an  accumulation  of  burnt  or  gummed  oil  between  the 
(tem  and  the  valve  stem  guide.  In  order  to  prevent  this  the 
rtem  must  be  smoothed  with  fine  emery  cloth  and  no  burrs 
ilders  allowed  to  remain  on  it,  and  the  stem  must  also  be 
t  and  at  right  angles  to  the.  valve  head.  If  the  spring  is 
t  may  be  strengthened  in  some  cases  by  stretching  it  out  so 
larger  space  will  exist  between  the  coils.  Obviously  if  a 
is  broken  the  only  remedy  is  replacement  of  the  defective 
r. 

lumber  of  engines  of  old  patterns  had  cams  keyed  to  the 
tft  instead  of  formed  integrally  with  it  as  is  now  common 
e.  After  the  engine  had  been  used  for  a  time,  especially 
valve  springs  were  stiff,  the  key  was  very  apt  to  become 
I  the  cam  which  would  result  in  a  pronounced  knock  when 
pne  was  in  operation.  The  reason  for  this  knock  may  be 
understood  by  referring  to  illustration  at  Fig.  123,  D.  With 
r  slot  worn,  as  the  cam  started  to  lift  the  plunger  the  pres- 
gainst  the  cam  would  cause  that  member  to  come  back 
t  the  key  sharply  and  the  hammering  action  would  cause 

Similarly  when  the  cam  left  the  plunger  the  looseness 
■gain  be  evidenced  and  another  knock  would  result.    \YhLere 


\ 
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this  form  of  fastening  is  used  the  only  remedy  for  worn  key 
in  the  cam  is  to  use  wider  keys  in  the  camshaft  by  providing 
kejrways  in  that  member.  While  it  is  possible  to  cure  the  tro 
by  using  a  two  diameter  key,  this  is  not  considered  good  pra 
owing  to  difficulties  in  properly  fitting  such  a  member. 

Mention  has  been  made  of  wear  in  the  valve  stem  guide 
its  influence  on  engine  action.  "When  these  members  are  an  inte 
part  of  the  cylinder  the  only  method  of  compensating  for 
wear  is  to  drill  the  guide  out  and  fit  a  bushing,  which  nia; 
made  of  steel  tube.  In  order  to  insure  that  the  hole  will  be  b 
out  true  a  simple  jig  is  extemporized  from  one  of  the  valve  chai 
caps  as  indicated.  The  cap  used  is  the  member  carrying 
spark  plug  and  the  opening  left  for  this  member  is  filled  wi 
threaded  bushing  carrying  a  plain  hardened  steel  bushing  intei 
for  the  drill  guide.  As  it  is  not  always  possible  to  procure 
tubing  of  the  proper  size  it  may  be  necessary  to  drill  out  or  i 
out  the  bore  of  the  tube  to  fit  the  valve  stem  after  the  bus 
is  driven  in  place. 

In  most  engines,  especially  those  of  recent  development, 
valve  stem  guide  is  driven  into  the  cylinder  casting  and 
separate  member  which  may  be  removed  when  worn  and  repl 
with  a  new  one.    When  the  guides  become  enlarged  to  such  a  p 
that  considerable  play  exists  between  them  and  the  valve  stems, 
may  be  easily  knocked  out  by  using  a  drift  pin  of  the  proper 
and  a  hammer  or  forced  out  under  an  arbor  press.     This  is 
a  difficult  thing  to  do,  as  one  need  not  be  afraid  of  injurii 
member  which  is  no  longer  of  any  use.    Care  must  be  taken,  1 
ever,  in  placing  the  new  valve  stem  guide  because,  while  this  m 
be  hammered  in  place,  it  could  not  be  done  unless  extreme 
was  exercised   and   there   would   always  exist  the   possibility 
injuring  the  guide.     The  approved  method  of  installing  a 
valve  stem  guide  is  shown  at  Fig.  124,  C.     A  cold  rolled  \ 
rod  is  threaded  practically  its  entire  length  and  is  of  suffi( 
diameter  to  just  fit  into  the  hole  in  the  guide.    A  substantial  j 
of  flat  stock  E,  is  placed  over  the  valve  chamber,  this  being  at  I 
one-quarter  inch   thick  and   one  inch  wide   and  of  -such  le] 
as  to  bridge  the  valve  cap  opening  over  and  leave  a  liberal  ma 
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?ither  side.  The  nut  A,  is  screwed  down  on  the  rod  B,  until 
nut  C,  at  the  lower  end  of  the  rod  is  bearing  tightly  against 
valve  stem  guide  G.    The  guide  member  is  then  forced  into 

ce  by  turning  either  or  both  of  the  nuts  A,  or  C,  untU  it 

irmly  seated.  It  is  possible  to  use  a  long  bolt  instead  of  the 
B,  if  desired.    When  this  system  of  valve  guide  construction 

followed,  the   work  of   replacing   the   worn   members  can   be 


t-  J2i- — ^Practical   Htthoda   of  EMtarlng  Worn  Valve    Stem  Ouldo 


e  by  one  without  mechanical  experience  just  as  well  as  by  the 
?e  expert. 

The  depreciation  of  the  exposed  valve  stem  guides  may  be 
need  considerably  by  adopting  the  scheme  for  lubricating  the 
PC  stems  shown  at  Fig.  124,  E,  used  on  Overland  eara.  This 
dsts  of  cuttii^  out  the  lower  portion  of  the  valve  stem  guide 
:ake  a  beveled  felt  washer  which  is  kept  firmly  pressed  against 
■eating  by  a  cupped  steel  washer  maintained  io  contact  against 
felt  by  a  coil  spring  extending  down  to  the  valve  spring  collar 
.  fitting  the  valve  atem  fairly  close.     The  shape  of  the  cupfei. 
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washer  makes  it  possible  to  fill  that  member  with  oil  whic 
absorbed  by  the  felt  and  distributed  against  the  valve  stem  i 
reciprocates  up  and  down.  On  practically  all  motors  of  re 
design,  provision  is  made  for  enclosing  the  valve  stems  and  plun 
in  order  to  keep  out  dirt  and  grit  and  to  retain  lubricatinc 
splashed  on  the  working  surfaces  from  the  crankcase  inti 
or  forced  out  through  the  valve  operating  plunger  guides  bee 
of  internal  crankcase  pressure. 

Piston  Troubles. — If  an  engine  has  been  entirely  dismantk 
is  very  easy  to  examine  the  pistons  for  deterioration.  The  reia 
of  the  piston,  connecting  rod  and  crankshaft  of  a  typical  pij 
plant  is  clearly  outlined  at  Fig.  125  and  below  the  assembled 
both  the  connecting  rod  and  piston  are  shown  dismantled, 
it  is  important  that  the  piston  be  a  good  fit  in  the  cylindotj 
mainly  upon  the  piston  rings  that  compression  depends.  Tha; 
should  fit  the  cylinder  with  but  little  looseness,  the  xmoai 
being  to  have  the  piston  about  .001-inch  smaller  than 
for  each  inch  of  piston  diameter  at  the  point  where  the^ 
heat  is  present  or  at  the  bottom  of  the  piston.  It  is  m 
allow  more  than  this  at  the  top  of  the  piston  owing  to  its 
sion  due  to  the  direct  heat  of  the  explosion.  The  cl< 
usually  graduated  and  a  piston  that  would  be  .005-inch 
than  the  cylinder  bore  at  the  bottom  would  be  about  •( 
at  the  middle  and  .0075-inch  at  the  top.  If  much  more  pi 
this  is  evidenced  the  piston  will  **slap"  in  the  cylinder 
piston  will  be  worn  at  the  ends  more  than  in  the  center, 
sometimes  warp  out  of  shape  and  are  not  truly  cylindricaL 
results  in  the  high  spots  rubbing  on  the  cylinder  while 
spots  will  be  blackened  where  a  certain  amount  of  gas  has  1< 

Mention  has  been  previously  made  of  the  necessity  of 
or  regrinding  a  cylinder  that  has  become  scored  or  serai 
which  allows  the  gas  to  leak  by  the  piston  rings.    When  the 
is  ground  out,  it  is  necessary  to  use  a  larger  piston  to 
the  enlarged  cylinder  bore.    Most  manufacturers  are  pre] 
furnish  over-size  pistons,  there  being  four  standard  o^ 
mensions  adopted  by  the  S.  A.  E.  for  rebored  cylinden* 
are  .OlO-inch,  .020-inch,  ,030-inch,  and  .040-incli  larger 
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tr  dimensioD.  Care  should  be  taken  in  reboring  the  cylinders 
lere  as  closely  as  possible  to  one  or  the  other  of  these  atand- 

tlie  engine  construction  is  such  that  side  plates  may  be  re- 
1  from  the  crank  case  and  the  cylinder  head  removed  from 
linders  it  is  possible  to  remove  a  piston  for  inspection  with- 


125. — Typical  Piston,  Ootmectlng  Bod  and  Onukiliaft  AiMmUy. 

iking  down  tlie  entire  nii)t(>r.  As  will  be  noted  Ht  Fig.  126, 
tho  side  plate  is  removi'd  from  the  eii<;iiic  base  a  large  open- 
s  left  Ihrmipb  which  tlte  (•(nincctiiiir  rod  cap  nuts  may  he 
•  n^ached  with  an  ordinary  S  wrench.  After  tlic  cap  is  rc- 
d  from  the  connectinfr  riwl  it  is  not  iliflieiilt  t<i  push  the  ciin- 
iiL'  rod  and  piston  assembly  out  thmn^fh  tite  opening  left  lit 
,],  of  the  cylinder. 

11  gas  engine  pistons  jire  jirovided  with  two  oi-  uion-  (laekintf 
}iml  it  h  these  memhem   thiit   frequenlly    nt'oA    iiwV'vVwtt 
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rather  than  tlie  piston  itself.  The  common  forma  of  piston 
used  are  outlined  nt  Pig.  127.  The  different  types  show 
fitted  to  one  piston,  though  the  usual  practice  is  to  use  ri 
the  same  type  in  each  group.  The  ring  shown  at  Fig.  127, 
a  diagonal  cut  joint  and  has  been  widely  applied.  That  de 
at  B,  has  a  lapped  or  step  joint,  and  is  superior  to  the  form 
above  it,  inasmuch  as  it  will  retain  gas  in  a  more  positive  m 
The  butt  joint  ring  shown  at  C,  is  seldom  used  on  automob 


Ftg.  126. — Showing  how  Coimecting  Bod  CupB  May  b«  Beaclied  1 
luspectloa  Holas  In  the  Bids  of  the  OraakcmB*. 


gines  though  it  is  sometimes  applied  to  cheap  stationary  or  n 
types.  The  use  of  a  number  of  light  steel  rings  instead  o 
wide  ring  in  the  groove  is  found  on  a  number  of  the  1915 
mobile  power  plants.  It  is  contended  that  where  a  numb 
light  rings  ia  employed  a  more  flexible  packing  means  is  oU 
and  the  possibility  of  leakage  is  reduced.  Kings  of  this  deaic 
made  of  square  section  steel  wire  and  are  given  a  spring  ta 
Owing  to  the  limited  width  the  diagonal  cut  joint  ia  general! 
ployed  instead  of  the  lap  joint  which  is  so  popular  on  wid«r 
This  construction  is  clearly  outlined  at  Pig.  127,  D. 
XosJt  Proof  PiBton  Rings. — In  order  to  redace  the  em 
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mm  loss  and  leakage  of  gas  by  the  ordinary  simple  form  of  d 
■fmal  or  lap  joint  one-piece  piston  ring  a  number  of  compoun 
ni^  have  been  devised  and  are  offered  to  the  repairman  to  Df 
in  making  replace- 
ments. The  leading 
forms  are  shown  at 
Rg.  128.  That  shown 
■t  A,  is  known  as  the 
"Statite"  and  consists 
of  three  rings,  one 
carried  inside  while 
the  other  two  are  car- 
ried on  the  outside. 
The  ring  shown  at  B, 
k  a  double  ring  and  is 
known  as  the  McCad- 
den.  This  is  composed 
of  two  thin  concentric 
Up  joint  rings  so  dis- 
posed relative  to  each 
ether  that  the  opening 
in  the  inner  ring 
comes  opposite  to  the 
opening  in  the  outer 
ring.    The  form  shown 

at  C  is  known  as  the  "Leektite,"  and  is  a  single  ring  provide 
with  a  peculiar  form  of  lap  and  dove  tail  joint.  The  ring  show 
at  D,  is  known  as  the  "Dunham"  and  is  of  the  double  concei 
trie  type  being  composed  of  two  rings  with  lap  joints  which  ai 
welded  together  at  a  point  opposite  the  joint  so  that  there  is  u 
passage  by  which  the  gas  can  escape.  The  Burd  high  comprei 
■ion  ring  is  shown  at  E.  The  joints  of  tliese  rings  are  scale 
by  means  of  an  H  shaped  coupler  of  bronze  which  closes  th 
opening.  The  ring  ends  are  made  with  tongues  which  interloc 
vith  the  coupling.  The  ring  shown  at  F,  is  called  the  "Evertite 
ind  is  a  three-piece  ring  composed  of  three  members  as  aUovni  \ 
the  tectional  view  below  the  ring.     The  main  part  or  \iineT  tV 
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has  a  circumferential  chantiel  in  which  the  two  outer  rings  loe 
the  resultiug  croBs-seetion  heing  rectangular  just  the  same  as  th 
of  El  regular  pattern  ring.  All  three  rings  are  diagonally  spl 
and  the  joints  are  spueed  equally  and  the  distances  maintained  I 
small  pins.  This  results  in  each  joint  heing  sealed  by  the  sol 
portion  of  the  other  rings. 

The  piston  rings  should  be  taken  out  of  the  piston  grooves  ai 
all  carbon  deposits  removed  from  the  inside  of  the  ring  and  tl 


Fig.  128. — Leak  Proof  and  Otlier  Compound  Plitoa  EUngs. 


bottom  of  the  groove.  It  is  important  to  take  this  deposit  out  b 
cause  it  prevents  the  rings  from  performing  their  proper  functioi 
by  reducing  the  ring  elasticity,  and  if  the  deposit  is  allowed  I 
accumulate  it  ma.v  eventually  result  in  sticking  and  binding  t 
the  ring,  this  prodncinK  excessive  friction  or  loss  of  compresdoi 
AVhcn  the  rings  are  removed  they  should  bo  tested  to  see  if  the 
retain  their  elasticity  and  it  is  also  well  to  see  that  the  small  pii 
in  some  pistons  which  keep  the  rings  from  turning  around  so  tl 
joints  will  not  come  in  line  are  still  in.  pXaiie,   It  lio  ^ma  ara  foai 
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no  cause  for  alarm  because  these  dowels  are  not  always 
lien  fitted,  they  are  utilized  with  rings  having  a  butt  joint 
lal  cut  as  the  superior  gas  retaining  qualities  of  the  lap 
lint  render  the  pins  unnecessary. 

•■  has  been  blowing  by  the  ring  or  if  these  members  have 
fitting  the  cylinder  properly  the  points  where  the  gas 
;11  be  evidenced  by  burnt,  brown  or  roughened  portions 
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.  129. — ^ProcMBM  Incidental  to  Flatcn  Blng  B«9toratlon. 


ished  surface  of  the  pistons  and  rings.  The  point  where 
loration  will  be  noticed  more  often  is  at  the  thin  end  of 
ric  ring,  the  discoloration  being  present  for  about  ^-inch 
1  each  side  of  the  slot.  It  may  be  possible  that  the  rings 
true  when  first  put  in.  This  made  it  possible  for  the 
ik  by  in  small  amounts  initially  which  increased  due  to 
pressure  until  quite  a  large  area  for  gas  escape  had 
ted. 

rlnff  Pistons  iKtiiek  in  Combustion  Chamber. — The  re- 
d  replacement  of  pistons  and  rings  seldom   offer   an^ 
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trouble  if  the  work  is  properly  carried  on,  but  i£  for  any 
the  piston  should  be  pushed  too  far  up  into  the  cylinder  oi 
types  of  engines  the  top  ring  will  expend  into  the  combustion 
ber  and  will  lock  the  pistons  tightly  in  place.  This  is  a  d 
condition  to  overcome  with  some  forms  of  cylinders  though 
cylinder  casting  is  of  the  L  or  T  form  it  may  be  possible  U. 
press  the  rings  sufficiently  to  remove  the  piston  by  simple  i 


Fig.  130.— simple  Metbod  of  Bwnovlng  or  In»umng  Piston  111 


The  best  method  is  shown  ai  Fig.  129,  A.  A  very  thin  Bb 
metal  of  approximately  the  same  width  as  the  piston  rings  is  | 
through  one  of  the  valve  chamber  openings  and  passed  anxM 
piston  and  pulled  out  through  the  other  opening.  It  TeqaM 
services  of  two  people  and  sometimes  three  to  remove  a  pirtdM 
in  this  manner.  The  efforts  of  one  are  directed  to  keep  tki 
taut  under  the  ring  and  to  exert  an  upward  pull  which  fonl 
portion  of  the  ring  embraced  by  the  metal  band  to  fiU  thoil 
in  the  piston.  Another  person  uses  a  pur  of  scirew  dlilM 
through  each  valve  chamber  opening  to  compreas  the  rir~' 
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indicated  in  the  drawing.  This  meaiiB  that  a  three  point 
■nitHul  effect  is  obtained  and  it  is  a  simple  matter  for  the 
person  to  draw  the  piston  back  into  the  cylinder  when  the 
u  been  properly  compressed  in  its  groove.  It  is  not  always 
e  to  compress  the  ring  so  the  only  other  alternative  is  to 
it  in  a  nnmber  of  pieces  by  bitting  the  brittle  ring  with  a 
r  chisel  and  then  withdrawing  the  pieces  one  at  a  time  until 


L — Sijnpla  damp  for  OloslnK  Piston  lUng  to  Jacllltata  Iiuertlon 
In  Ojdlnden. 

f  has  been  entirely  removed.  With  the  T-head  cylinder  it 
times  possible  to  remove  the  ring  without  the  use  of  the 
MUidSf  as  that  member  is  compressed  at  diametrically  op- 
loints  by  a  screw  driver  inserted  through  each  valve  cham- 

m  THTiff  Manipnlatlon. — Removing  piston  rings  is  a  dif- 
iperation  if  the  proper  means  are  not  taken,  but  is  a 
■tivdy  ample  one  when  the  trick  is  known.  The  took 
d  are  Teiy  simple,  bein?  three  strips  of  thin  ateel  abo\L\. 
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one-quarter  inch  wide  and  four  or  five  inches  long  and  a  | 
of  spreading  tongs  made  up  of  one-quarter  inch  diameter  I 
stock  tied  in  the  center  with  a  copper  wire  to  form  a  hinge.  1 
construction  is  such  that  when  the  hand  is  closed  and  the  hanl 
brought  together  the  other  end  of  the  expander  spreads  outd 
action  just  opposite  to  that  of  the  conventional  pliers.  The  mid{ 
of  using  the  tongs  and  the  metal  strips  is  clearly  indi< 
Fig.  130.  At  A  the  ring  expander  is  shown  spreading  the 
of  the  rings  sulBSciently  to  insert  the  pieces  of  sheet  metali 
tween  one  of  the  rings  and  the  piston.  Qrasp  the  ring  as 
at  B,  pressing  with  the  thumbs  on  the  top  of  the  piston 
the  ring  will  slide  off  easily,  the  thin  metal  strips  acting  aa 
members  to  prevent  the  ring  from  catching  in  the  other 
grooves.  Usually  no  difficulty  is  experienced  in  removing  the| 
or  bottom  rings,  as  these  members  may  be  easily  expanded 
worked  off  directly  without  the  use  of  a  metal  strip, 
moving  the  intermediate  rings,  however,  the  metal  strips 
found  very  useful.  These  are  usually  made  by  the  re] 
by  grinding  the  teeth  from  old  hacksaw  blades  and  roum 
edges  and  corners  in  order  to  reduce  the  liability  of  cul 
fingers.  By  the  use  of  the  three  metal  strips  a  ring  is 
without  breaking  or  distorting  it  and  practically  no  time  i 
sumed  in  the  operation. 

Fitting  Piston  Rings.— Before  installing  new  rings,  they 
be  carefully  fitted  to  the  grooves  to  which  they  are  applied. 
tools  required  are  a  large  piece  of  fine  emery  cloth,  a  thin,  flat! 
small  vise  with  copper  or  leaden  jaw  clips,  and  a  smooth 
face  such  as  that  afforded  by  the  top  of  a  surface  plate  op 
planed  piece  of  hard  wood.    After  making  sure  that  all  dej 
burnt  oil  and  carbon  have  been  removed  from  the  piston 
three  rings  are  selected,  one  for  each  groove.    The  ring  is 
around  its  circumference  into  the  groove  it  is  to  fit,  which 
done  without  springing  it  over  the  piston  as  the  outside 
ring  may  be  used  to  test  the  width  of  the  groove  just  as 
inside  edge.    The  ring  should  be  a  fair  fit  and  while  free 
circumferentially  there  should  be  no  appreciable  up 
motion.    If  the  ring  is  a  tight  fit  it  should  be  laid  edge  d< 
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ee  of  emery  cloth  which  is  placed  on  the  surface  plate  and 
ly  rubbed  down  until  it  fits  the  groove  it  is  to  occupy.  It 
sable  to  fit  each  piston  ring  individually  and  to  mark  them 
e  way  to  insure  that  they  will  be  placed  in  the  groove  to 
&ey  are  fitted. 

s  repairman  next  turns  his  attention  to  fitting  the  ring  in 
Under  itself.  The  ring  should  be  pushed  into  the  cylinder 
(t  two  inches  up  from  the  bottom  and  endeavor  should  be 
to  have  the  lower  edge  of  the  ring  parallel  with  the  bottom 
cylinder.  If  the  ring  is  not  of  correct  diameter,  but  is 
y  larger  than  the  cylinder  bore,  this  condition  will  be  evi- 
y  the  angular  slots  of  the  rings  being  out  of  line  or  by  diffi- 
in  inserting  the  ring  if  it  is  a  lap  joint,  form.  If  such  is 
•e  the  ring  is  removed  from  the  cylinder  and  placed  in  the 
rtween  the  soft  metal  jaw  clips,  as  shown  at  Fig.  129,  B. 
ent  metal  is  removed  with  a  fine  file  from  the  edges  of  the 
t  the  slot  until  the  edges  come  into  line  and  a  slight  space  , 
between  them  when  the  ring  is  placed  into  the  cylinder.  It 
lortant  that  this  space  be  left  between  the  ends,  for  if  this 
done  when  the  ring  becomes  heated  the  expansion  of  metal 
■use  the  ends  to  abut  and  the  ring  to  jam  in  the  cylinder. 
nther  method  of  fitting  a  piston  ring  is  indicated  at  Fig. 
L  A  plug  is  made  of  soft  wood,  such  as  yellow  pine  that  will 
easy  fit  in  the  cylinder  and  one  end  is  turned  down  enough 
t  a  shoulder  will  be  formed  to  back  the  ring.  The  turned 
portion  should  be  a  little  less  than  the  width  of  the  ring  to 
ted.  The  ring  is  pushed  on  this  turned  down  end  of  the 
n  ping  and  held  by  a  small  batten  secured  by  a  screw  in  the 
'•  This  does  not  hold  the  ring  tightly  enough  to  keep  it 
dosing  up.  It  is  also  important  to  turn  the  end  of  the  wooden 
■nail  enough  so  that  its  diameter  will  be  less  than  the  bore 
!  ring  when  that  member  is  tightly  closed.  The  cylinder  bore 
mred  with  a  little  Prussian  blue  pigment  which  is  spread 
r  over  the  cylinder  wall  with  a  piece  of  waste  and  the  ring 
vcd  back  and  forth  in  the  cylinder  while  it  is  held  square 
i  ahoolder  on  the  plug.  The  high  spots  on  the  ring  will  be 
i  by  color.    UsuaUy  the  nngr  will  be  found  to  bear  hardest 
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at  each  side  of  the  slot.  These  high  spots  are  removed  careft 
with  a  very  fine  mill  file  or  piece  of  emery  cloth  and  the  rini 
again  inserted  in  the  cylinder  bore  to  find  other  high  spots  wl 
are  removed  in  a  similar  manner.  When  the  rings  fit  tti 
well  all  around,  the  entire  surface  will  have  a  uniform  coit 
of  blue. 

If  the  old  piston  rings  are  bright  all  around  but  appear 
have  lost  their  elasticity,  a  new  lease  of  life  may  be  given  Iij 
process  known  as  peening  which  is  shown  at  Fig.  129,  D.  1 
ring  is  stood  on  a  surface  plate  and  is  tapped  inside  with  the  p 
end  of  a  light  hammer,  using  the  harder  blows  at  the  thick  aedl 
and  gradually  reducing  the  force  of  the  blow  as  the  slot 
preached.  If  skillfully  done  a  ring  may  be  stretched  to 
tent  and  considerable  elasticity  imparted.  Piston  rings 
always  of  the  simple  form  showiv  at  Fig.  127.  Various  di 
constructions  have  been  offered  with  an  idea  of  reducing  the 
bility  of  leakage.  A  ring  of  this  type  which  is  known  as  the  "'' 
Proof"  piston  packing  is  shown  at  Fig.  129,  E.  These 
rings  are  harder  to  install  than  the  simpler  forms,  and  it 
portant  that  they  be  carefully  fitted  to  the  cylinder  and 
piston  grooves. 

It  is  necessary  to  use  more  than  ordinary  caution  in 
the  rings  on  the  piston  because  they  are  usually  made  of  cart 
a  metal  that  is  very  fragile  and  liable  to  break  because 
brittleness.  Special  care  should  be  taken  in  replacing  new 
these  members  are  more  apt  to  break  tlian  old  ones.    This  ii 
ably  accounted  for  by  the  heating  action  on  used  rings  which' 
to  anneal  the  metal  as  well  as  making  it  less  springy.    The 
ring  should  be  placed  in  position  first  which  is  easily  accom] 
by  springing  the  ring  open  enough  to  pass  on  the 
then  sliding  it  into  place  in  the  lower  groove  which  on 
of  engines  is  below  the  wrist  pin, whereas  in  others  all 
above  tliat  member.    The  othcT  members  are  put  in  by 
of  the  process  outlined  at  Fig.  130.     It  is  not  always 
to  use  the  guiding  strii)s  of  metal  when  replacing  rings 
often  possible,  by  putting  the  rings  on  the  piston  a  little 
and  mancvuvering  them  to  pass  the  grooves  without  sprinf' 
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ring  into  them.     The  top  ring  should  be  the  last  one  placed  i 
position. 

Before  replacing  pistons  in  the  cylinder  one  should  make  sur 

that  the  slots  in  the  piston  rings  are  spaced  equidistant  on  th 

piston  and  if  pins  are  used  to  keep  the  ring  from  turning  on 

ihould  be  careful  to  make  sure  that  these  pins  fit  into  their  hole 

in  the  ring  and  that  they  are  not  under  the  ring  at  any  poin1 

Practically  all  cylinders  are  chamfered  at  the  lower  end  to  mak 

insertion  of  piston  rings  easier.     The  operation  of  putting  on 

Qrlinder  casting  over  a  piston  really  requires  two  pairs  of  hands 

one  to  manipulate  the  cylinder,  the  other  person  to  close  the  ring 

18  they  enter  the  cylinder.     This  may  be  done  very  easily  by 

Ample  clamp  member  made  of  sheet  brass  or  iron  and  used  to  clos 

the  ring  as  indicated  at  ¥\g,  131,  A.    It  is  apparent  that  the  clam] 

which  is  shown  at  D,  must  be  adjusted  to  each  individual  ring  an« 

that  the  split  portion  of  the  clamp  must  coincide  with  the  spli 

portion  of  the  ring.    The  cylinder  should  be  well  oiled  before  a1 

tempt  is  made  to  install  the  i>istons.     The  engine  should  be  ru: 

with  more  than  the  ordinary  amount  of  lubricant  for  several  day 

after  new  piston  rings  have  been  inserted.     On  first  starting  th 

engine,  one  may  be  disappointed  in  that  the  compression  is  eve 

less  than  that  obtained  with  the  old  rings.     This  condition  wi) 

won  be  remedied  as  the  rings  become  polished  and  adapt  themselve 

to  the  contour  of  the  cylinder.    It  will  take  fully  100  miles  of  roa« 

work  to  bring  the  rings  to  a  sufficiently  good  fit  so  that  a  marke 

improvement  in  the  compression  will  be  noticed. 

How  Wrist  Pins  Are  Held. — While  the  repairman  is  workin 
on  the  pistons  there  is  one  important  member  of  the  piston  as 
aembly  that  should  receive  attention  and  that  is  the  pin  on  whic 
the  upper  end  of  the  connecting  rod  swings.  These  are  held  i 
place  in  a  variety  of  w^ays,  the  most  common  of  whicli  are  show 
at  Fig.  132.  In  some  forms  of  pistons  the  piston  pin  is  a  tiglit  fi 
in  the  bosses  and  it  is  necessary  to  force  it  out.  The  metliod  o 
doing  this  is  clearly  outlined  at  Fig.  129,  F.  This  calls  for  th 
use  of  a  special  clamp  fitting  having  a  hole  at  one  side  sufficient! 
large  for  the  WTist  pin  to  pass  tlirough  and  carrying  a  forcin 
■cruw  at  the  other.    The  screw  passes  through  a  nut  \v\\\e\\  '\s  V^^ 
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from  turning  by  bending  the  band  around  it.    Any  motion 
screw  that  will  advance  it  into  the  nut  will  tend  to  force  oatt 
wrist  pin  without  injuring  that  member. 

The  means  of  locking  the  wrist  pin  in  place  that  have 
used  are  legion,  but  those  depicted  are  the  most  common. 


at  A,  involves  the  use  of  a  set  screw  passing  through 
piston  bosses  and  into  the  wrist  pin  as  indicated.    This 
not  the  preferred  construction  on  account  of  the  liability 
lock  nut  to  become  loose  and  the  set  screw  to  unscrew  i1 
vibration  and  drop  into  the  engine  base  where  it  may 
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iderable  damage.  When  locking  screws  are  employed,  the  methods 
f  retention  shown  at  B  and  C,  are  considered  superior.  In  the 
ormer  holes  are  drilled  through  the  heads  of  the  set  screws  and  a 
>ieee  of  spring  wire  passed  through  them  as  indicated.  Where  a 
idUow  wrist  pin  is  used  the  end  of  the  set  screw  may  be  provided 
with  a  hole  to  receive  a  split  pin.  The  method  of  keeping  the 
rrist  pin  in  place  shown  at  D,  involves  the  use  of  a  spring  pressed 
plunger  which  is  housed  in  a  suitable  boss  cast  on  one  side  of  the 
piston.  In  order  to  remove  a  wrist  pin  held  by  this  method  it  is 
necessary  to  use  a  piece  of  stiff  wire  such  as  a  bicycle  spoke  and  to 
push  the  plunger  back  out  of  the  wrist  pin.  The  wrist  pin  is  then 
moved  slightly  to  one  side  so  that  the  end  of  the  plunger  will  rest 
on  the  wrist  pin  and  the  piece  of  stiff  wire  removed.  It  is  then  an 
easy  matter  to  push  the  wrist  pin  out  of  the  bosses.  The  method 
depicted  at  E,  is  self-explanatory,  a  retaining  ring  similar  in  con- 
straction  to  a  piston  ring,  but  somewhat  wider  passing  entirely 
around  the  piston  in  a  suitable  groove  cut  around  the  zone,  of  the 
wrist  pin  bosses.  The  method  outlined  at  F,  received  wide  appli- 
cation on  earlier  engines,  but  is  not  much  used  at  the  present  time. 
In  this  the  hollow  wrist  pin  was  slotted  at  four  points  at  each  end, 
and  was  provided  with  a  tapering  thread  into  which  a  correspond- 
ingly formed  plug  was  screwed  to  expand  the  wrist  pin  against 
the  bosses.  In  all  of  the  forms  outlined,  the  wrist  pin  is  to  be 
held  from  rotation  while  the  connecting  rod  oscillates  on  it.  In 
the  form  shown  at  0-,  the  wrist  pin  oscillates  in  the  piston  bosses 
and  the  connecting  rod  is  tightly  clamped  to  the  wrist  pin  by  a 
snitable  clamp  bolt.  To  remove  the  wrist  pin  it  is  necessary  to 
take  oat  the  clamp  bolts  which  will  permit  the  piston  boss  to 
spread  enough  to  release  its  hold  on  the  wrist  pin. 

Wrist  Pin  Wear. — ^While  wrist  pins  are  usually  made  of  verj' 
tough  steel,  case  hardened  with  the  object  of  wearing  out  an  easily 
renewable  bronze  bushing  in  the  upper  end  of  the  connecting  rod 
rather  than  the  wrist  pin  it  sometimes  happens  that  these  members 
will  be  worn  so  that  even  the  replacement  of  a  new  bushing  in 
the  connecting  rod  will  not  reduce  the  lost  motion  and  attendant 
nme  due  to  a  loose  wrist  pin.  The  only  remedy  is  to  fit  new  wrist 
pins  to  the  piston,    Where  the  connecting  rod  is  clamped  lo  ^Jtv^ 
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Fig.  133. — StaowlDK  Matbod  of  Supporting  OrankuM  to  Piorld* 
Access  to  Connoctlng  Rods  and  OrankeliAft  Bauliici. 

wrist  pin  and  fti»t  niomhcr  oscillati's  in  the  piston  bossos  tl 
will  usiiully  be  indicated  on  bronze  biisliiiigs  which  are  presf 
the  pi.ston  bosses.  These  are  easily  renewed  and  after  riii 
reamer  tliron^h  them  of  the  proper  size  no  difficulty  8h< 
experienced  in  replwcing  either  the  old  or  a  new  wrist  pin  ( 
in^  ui*on  the  eondifion  of  that  member. 
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ipeetion  and  Befitting  of  Engine  Bearings. — While  the  en- 
is  dismantled  one  has  an  ezceUeot  opportunity  to  examine 
arious  bearing  points  in  the  engine  cranfccase  to  ascertain 
r  looseness  exists  due  to  depreciation  of  the  bearing  surfaces. 
11  be  evident  from  the  views  at  Figs.  133  and  134,  both  main 
shaft  bearings  and  the  lower  end  of  the  connecting  rods  may 
sity  examined  for  deterioration.  With  the  rods  in  place  as 
1  at  Fig.  133,  A,  it  is  not  diflBcult  to  feel  the  amount  of  lost 
n  by  grasping  the  connecting  rod  firmly  with  the  hand  and 
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134. — Top  Bftlf  of  CnuikcaM  Showing  Hethod  of  CrAnkahaft  Seten- 
tlon  b7  TbT«e  Haln  BMilng  Caps. 

ig  it  up  and  down.  The  appearance  of  the  engine  base  after 
onnecting  rods  and  flywheel  have  been  removed  from  the 
shaft  is  shown  at  Fig.  134,  while  the  appearance  of  the  upper 
>n  of  the  crankcase  after  the  crankshaft  is  removed  is  clearly 
1  at  Fig.  133,  C. 
fter  the  connecting  rods  have  been  removed  and  the  flywheel 

off  the  crankshaft  to  permit  of  ready  handling,  any  looseness 
i  main  bearing  may  be  detected  by  lifting  up  on  either  the 

or  rear  end  of  the  crankshaft  and  observing  if  there  is  any 
lotion  between  the  shaft  journal  and  the  main  tteaTing  ta.'pa. 
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k  not  necessary  to  take  an  en^ne  entirely  apart  to  examine 
I  main  bearings  as  in  some  forms  these  may  be  readily  reached 
f  Temoving  a  large  inspection  plate  either  from  the  bottom  or 
b  of  the  engine  crank  case.  In  the  Winton  engine,  which  is 
at  Fig.  135,  a  distinctive  method  of  crank  case  construction 
in  which  that  member  is  divided  vertically  instead  of  hori- 
■tally  as  is  the  nsual  practice.  One-half  of  the  crank  case  may 
mnoved,  this  leaving  the  crankshaft  and  connecting  rods  sup- 
by  the  other  half.  It  is  not  necessary  to  remove  the  cylin- 
easting  to  gain  access  to  the  crank  case  interior.  This  type  of 
iction  is  rare,  however,  and  is  found  only  on  the  engine  de- 
outlined.  The  symptoms  of  worn  main  bearings  are  not  hard 
;ify.  If  an  engine  knocks  when  a  vehicle  is  traveling  over 
roads  regardless  of  speed  or  spark  lever  position  and  the 
»le  is  not  due  to  carbon  deposits  in  the  combustion  chamber 
may  reasonably  surmise  that  the  main  bearings  have  become 
or  that  lost  motion  may  exist  at  the  connecting  rod  big  ends, 
possibly  at  the  wrist  pins.  The  main  journals  of  any  well 
engine  are  usually  proportioned  w4th  ample  surface  and 
not  wear  unduly  unless  lubrication  has  been  neglected.  The 
g  rod  bearings  wear  quicker  than  the  main  bearings  ow- 
ta  being  subjected  to  a  greater  unit  stress  and  it  may  be  neces- 
to  take  these  up  several  times  in  a  season  if  the  car  is  driven 
extent.  Main  bearings  should  run  for  ten  thousand  miles 
attention  in  a  properly  built  engine  that  has  always  been 
oiled.  Most  connecting  rod  bearings  will  loosen  up  enough 
taken  up  in  five  thousand  miles. 
JkdjnsttDg  Main  Bearings. — ^When  the  bearings  are  not  worn 
to  require  refitting  the  lost  motion  can  often  be  eliminated 
Kmoving  one  or  more  of  the  thin  shims  or  liners  ordinarily 
to  separate  the  bearing  caps  from  the  seat.  These  are  shown 
f.  131,  A.  Care  must  be  taken  that  an  even  number  of  shims 
same  thickness  are  removed  from  each  side  of  the  journal. 
is  considerable  lost  motion  after  one  or  two  shims  have 
removed,  it  will  be  advisable  to  take  out  more  shims  and  to 
the  bearing  to  a  fit  before  the  bearing  cap  is  tightened  up. 
■y  be  necessary  to  clean  vp  the  crankshaft  journals  as  t\\eaft 
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Fig.  136. — ^Proceaaes  and  Tools  Necessair  for  BAarliig  B«stoi 


may  be  scored  (hie  to  not  having  n'wivpd  clean  oil  or  ha 
bearings  seize  upon  them.  It  is  not  difficult  to  true  up  t 
pins  or  main  journals  if  the  .score  marks  are  not  deep.  A 
and  emery  cloth  may  be  used,  or  a  lapping  tool  such  as 
fit  Fip.  136,  B.    The  latter  ia  prelerablc  because  the  file  ai 
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doth  will  only  tend  to  smooth  the  surface  while  the  lap  will  hav 
the  effect  of  restoring  the  crank  to  proper  contour. 

A  lappinr  tool  may  be  easily  made  as  shown  at  B,  the  block 

being  of  lead  or  hard  wood.    As  the  width  of  these  are  about  hal 

tliat  of  the  crank  pin  the  tool  may  be  worked  from  side  to  side  a 

it  is  rotated.     Another  form  of  lapping  tool  and  the  method  o 

uang  it  which  is  practically  the  same  as  that  we  are  now  describinf 

is  shown  at  Fig.  139.    An  abrasive  paste  composed  of  fine  emer: 

powder  and  oil  is  placed  between  the  blocks,  and  the  blocks  ar 

finnly  clamped  to  the  crank  pin.    While  the  approved  method  i 

to  place  the  shaft  between  lathe  centers  as  shown  at  Fig.  141,  an< 

revolve  it  slowly,  guiding  the  lapping  tool  with  the  hand  as  th« 

shaft  revolves,  the  lathe  is  not  always  available.    In  that  case  th( 

crankshaft  may  be  clamped  to  the  work  bench  as  indicated  at  Fig 

136,  C,  and  the  lapping  tool  turned  by  hand  around  the  stationary 

crankshaft.     It  may  not  be  necessary  to  remove  the  crankshaf 

from  the  engine  base  as  a  lapping  tool  may  be  used  without  diflS 

cdty  under  the  conditions  sho^n  at  Fig.  139,  C.     As  the  lea( 

blocks  bend  down,  the  wing  nut  should  be  tightened  to  insure 

that  the  abrasive  will  be  held  with  some  degree  of  pressure  agains 

the  shaft.     A  liberal  supply  of  new  abrading  material  is  placec 

between  the  lapping  blocks  and  crankshaft  from  time  to  time  an( 

the  old  mixture  cleaned  off  with  gasoline.    It  is  necessary  to  main 

tain  a  side  to  side  movement  of  the  lapping  tool  in  order  to  hav< 

the  process  affect  the  whole  width  of  the  crank  pin  equally.    Th< 

lapping  is  continued  until  a  smooth  surface  is  obtained. 

If  a  crank  pin  is  worn  out  of  true  to  any  extent  the  only  methoc 
of  restoring  it  is  to  have  it  ground  down  to  proper  circular  forn 
by  a  competent  mechanic  having  the  necessary  machine  tools  t( 
carry  on  the  work  accurately.  In  order  to  support  a  crankshaf 
in  a  lathe  or  grinding  machine  special  forms  of  dogs  may  be  usee 
or  special  crankshaft  supporting  flanges  may  be  made  of  cast  iron 
An  adjustable  dog  is  shown  at  Fig.  140,  A.  This  has  a  movabh 
center  pad  which  can  be  moved  up  and  down  to  provide  for  vary 
ing  distances  between  the  center  line  of  the  crank  pin  and  tlu 
crankshaft  when  turning  the  crankpins.  It  is  not  difficult  to  sup 
port  a  crankflbaff  in  a  lathe  when  the  work  is  to  be  don^  oxv  \\> 
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main  journal.  This  can  be  easily  accomplished  by  the  use  o; 
regular  pattern  lathe  dogs  and  back  rest  as  shown  at  Fig.  141,  A 
Machining  the  crank  throws  is  more  difficult  as  the  crankshafi 
must  be  revolved  eccentrically  or  on  the  crank  pin  centers  insteac 
of  the  main  journal  centers.  The  use  of  the  special  supportinf 
flanges  shown  at  Fig.  140,  B,  is  clearly  outlined  in  the  lower  po^ 
tion  of  Fig.  141.  It  is  necessary  to  use  counterweights  in  order  tc 
balance  the  weight  overhanging  the  center  and  to  insure  smootti 
rotation  of  the  crank  shaft.  The  journals  may  be  machined  either 
by  putting  on  a  very  fine  feed  and  using  the  conventional  pattern 
of  turning  tools  if  the  shaft  is  soft,  or  the  journals  may  be  ground 
if  they  are  hard,  if  a  grinding  attachment  is  available. 

The  manner  in  which  the  adjustable  dog  or  special  crankshaft 
supporting  flange  works  can  be  easily  understood  by  referring  to 
the  drawing  at  Fig.  140.  The  distance  between  the  center  of  the 
crank  pin  and  crankshaft  main  journals  depends  entirely  upon  the 
stroke  of  the  piston.  This  distance  is  invariably  half  of  the  stroke. 
For  example,  in  an  engine  having  a  5-inch  stroke,  the  distance 
between  the  center  lines  would  be  2J/2  inches.  If  suitable  center 
holes  are  drilled  in  the  face  of  the  supporting  flange  at  the  proper 
distances  from  the  crankshaft  center  it  will  be  possible  to  line  up 
the  flange  flttings  very  accurately  to  the  crank  pins  and  to  sup- 
port the  shaft  in  such  a  way  that  the  crank  pins  will  revolve  on 
the  main  center  line  passing  through  the  lathe  centers.  This,  ol 
course,  is  essential  in  order  to  madiine  the  shaft  journal  and  cranl 
pins  true. 

After  the  crankshaft  is  trued  the  next  operation  is  to  fit  it  t( 
the  main  bearings  or  rather  to  scrape  these  members  to  fit  th< 
shaft  journal.  In  order  to  bring  the  brasses  closer  together,  it  maj 
be  necessary  to  remove  a  little  metal  from  the  edges  of  the  capi 
to  compensate  for  the  lost  motion.  A  very  simple  way  of  doin| 
this  is  shown  at  Fig.  136,  D.  A  piece  of  medium  emery  cloth  i 
rested  on  the  surface  plate  and  the  box  or  brass  is  pushed  back  an( 
forth  over  that  member  by  hand,  the  amount  of  pressure  an< 
rapidity  of  movement  being  determined  by  the  amount  of  meta 
it  is  necessary  to  remove.  This  is  better  than  filing  because  th< 
edges  TTJJl  be  flat  and  there  will  be  no  tendency  for  the  bearini 
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jcaps  to  rock  when  placed  against  the  bearing  seat.  It  is  important 
I  to  take  enough  off  the  edges  of  the  boxes  to  insure  that  they  wil 
[grip  the  crank  tightly.  The  outer  diameter  must  be  checked  wit! 
it  pair  of  calipers  during  this  operation  to  make  sure  that  th< 

nrfaees  remain  parallel.    Otherwise,  the  bearing  brasses  will  onlj 
igrip  at  one  end  and  with  such  insufficient  support  they  will  quicklj 

fork  loose,  both  in  the  bearing  seat  and  bearing  cap. 
Scraping  Brasses  to  Pit. — To  insure  that  the  bearing  brasses 

fill  be  a  good  fit  on  the  trued  up  crank  pins  or  crankshaft  journaL 


1 


V 


8 


Fig.  137. — Oonyentlonal  Forms  of  Bearing  Scrapers. 


they  must  be  scraped  to  fit  the  various  crankshaft  journals.  Th< 
process  of  scraping,  while  a  tedious  one,  is  not  difficult,  requirini 
only  patience  and  some  degree  of  care  to  do  a  good  job.  The  sur 
face  of  the  crank  pin  is  smeared  with  Prussian  blue  pigment  whicl 
is  spread  evenly  over  the  entire  surface.  The  bearings  are  thei 
clamped  together  in  the  usual  manner  with  the  proper  bolts  anc 
the  crankshaft  revolved  several  times  to  indicate  the  high  spot 
on  the  bearing  cap.  At  the  start  of  the  process  of  scraping  in,  th< 
bearing  may  seat  only  at  a  few  points  as  shovm  at  Fig.  136,  G 
Continued  scraping  will  bring  the  bearing  surface  as  indicated  a 
H,  which  is  a  considerable  improvement,  while  the  proee^  m^7  \) 
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considered  complete  when  the  brass  indicates  a  bearing  all  over 
as  at  I.  The  high  spots  are  indicated  by  blue,  as  where  the  shaft 
does  not  bear  on  the  bearing  there  is  no  color.  The  high  spots  an 
removed  by  means  of  a  scraping  tool  of  the  form  shown  at  Fig. 
136,  F,  which  is  easily  made  from  a  worn  out  file.  These  aw 
forged  to  shape  and  ground  hollow  as  indicated  in  the  section  and 
are  kept  properly  sharpened  by  frequent  rubbing  on  an  ordinary 
oil  stone.  To  scrape  properly,  the  edge  of  the  scraper  must  be 
very  keen. 

Other  forms  of  scrapers  used  in  machining  operations  are 
shown  at  Fig.  137.  The  flat  scraper  A,  is  used  for  plain  surfaces 
For  ordinary  use  the  blade  is  about  %e-iiich  thick,  about  1-inch 
wide  and  is  drawn  at  the  point  to  a  thickness  of  about  ^<j-inch. 
The  cutting  edge  is  made  as  hard  as  possible.  The  hook  scraper 
B,  is  also  used  on  flat  surfaces.  The  straight  and  curved  half 
round  scrapers  shown  at  C  and  D,  are  used  for  bearings.  The 
three  cornered  scraper  outlined  at  E,  is  also  used  on  curved  sur- 
faces and  is  of  value  in  rounding  oflf  the  sharp  comers.  For 
scraping  very  large  engine  bearings,  such  as  used  for  stationary 
work  the  two  handle  scraper  shown  at  F,  is  valuable,  though  there 
are  not  many  applications  in  automobile  work  w^here  this  type  of 
tool  is  necessary.  The  straight  or  curved  half  round  type  works 
well  on  soft-bearing  metals,  such  as  babbit,  or  white  brass,  but  ob 
yellow  brass  or  bronze  it  cuts  very  slowly,  and  as  soon  as  the  edge 
becomes  dull  considerable  pressure  is  needed  to  remove  any  metal 
this  calling  for  frequent  sharpening. 

AVhen  correcting  errors  on  flat  or  curved  surfaces  by  hand  scrap 
ing,  it  is  desirable,  of  course,  to  obtain  an  evenly  spotted  bearing 
with  as  little  scraping  as  possible.  When  the  part  to  be  scrapec 
is  first  applied  to  the  surface-plate,  or  to  a  journal  in  the  ea» 
of  a  bearing,  three  or  four  **high''  spots  may  be  indicated  by  Hcn 
marking  material.  The  time  required  to  reduce  these  high  spot 
and  obtain  a  bearing  that  is  distributed  over  the  entire  surface  de 
pends  largely  upon  the  way  the  scraping  is  started.  If  the  firs 
bearing  marks  indicate  a  decided  rise  in  the  surface,  much  tim< 
can  be  saved  by  scraping  larger  areas  than  are  covered  by  th< 
bearing  marks;  this  is  especially  true  of  large  shaft  and  engine 
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bearings,  etc.    An  experienced  workman  will  not  only  remove  t 

lieavy  marks,  but  also  reduce  a  larger  area ;  then,  when  the  bearii 

11  tested  again,  the  marks  will  generally  be  distributed  somewh^ 

If  the  heavy  marks  which  usually  appear  at  first  are  simply  i 

moved  by  light  scraping,  these  ** point  bearings'*  are  gradual 

enlarged,  but  a  much  longer  time  will  be  required  to  distribu 

them« 

The  number  of  times  the  bearing  must  be  applied  to  the  joum 
for  testing  is  important,  especially  when  the  box  or  bearing 
Urge  and  not  easily  handled.  The  time  required  to  distribute  t 
bearing  marks  evenly  depends  largely  upon  one's  judgment 
"reading"  these  marks.  In  the  early  stages  of  the  scraping  opei 
tion,  the  marks  should  be  used  partly  as  a  guide  for  showing  t 
high  areas,  and  instead  of  merely  scraping  the  marked  spot  t 
surface  surrounding  it  should  also  be  reduced,  unless  it  is  evide 
that  the  unevenness  is  local.  The  idea  should  be  to  obtain  fii 
a  few  large  but  generally  distributed  marks ;  then  an  evenly  ai 
finely  spotted  surface  can  be  produced  quite  easily. 

In  fitting  brasses  when  these  are  of  the  removable  type,  ti 
methods  may  be  used.  The  upper  half  of  the  engine  base  may 
inverted  on  a  suitable  bench  or  stand  and  the  boxes  fitted  by  pU 
ing  the  crankshaft  in  position,  clamping  down  one  bearing  cap 
a  time  and  fitting  each  bearing  in  succession  until  they  bed  equal] 
Prom  that  time  on  the  bearings  should  be  fitted  at  the  same  tii 
90  the  shaft  will  be  parallel  with  the  bottom  of  the  cylinders.  Co 
siderable  time  and  handling  of  the  heavy  crankshaft  may  be  sav 
if  a  preliminary  fitting  of  the  bearing  brasses  is  made  by  clampi] 
them  together  with  a  carpenter's  wood  clamp  as  shown  at  Fi 
136,  J,  and  leaving  the  crankshaft  attached  to  the  bench  as  sho\ 
at  C.  The  brasses  are  revolved  around  the  crankshaft  journal  ai 
are  scraped  to  fit  wherever  high  spots  are  indicated  until  th 
begin  to  seat  fairly.  When  the  brasses  assume  a  finished  appet 
ance  the  final  scraping  should  be  carried  on  with  all  bearings 
place  and  revolving  the  crankshaft  to  determine  the  area  of  t 
seating.  "When  the  brasses  are  properly  fitted  they  will  not  or 
show  a  full  bearing  surface  but  the  shaft  will  not  turn  undi] 
hard  if  revolved  with  the  same  amount  of  leverage  as  aflForded 
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the  flywheel  rim  or  starting  crank,  all  bearing  caps  being  proper^ 
bedded  down  and  lubricated. 

Bearings  of  wliite  metal  or  babbitt  can  be  fitted  tighter  than 
those  of  bronze,  and  care  must  be  observed  in  supplying  lubrieaot 
as  considerably  more  than  the  usual  amount  is  needed  until  the 
bearings  are  run  in  by  several  hundred  miles  of  road  work.  Be- 
fore the  scraping  process  is  started  it  is  well  to  chisel  an  oil  groove 
in  the  bearing  as  shown  at  Fig.  136,  L.  Grooves  are  very  helpfol  ^ 
in  insuring  uniform  distribution  of  oil  over  the  entire  width  of 
bearing  and  at  the  same  time  act  as  reservoirs  to  retain  a  supply 
of  oil.  The  tool  used  is  a  round  nosed  chisel,  the  effort  being  made 
to  cut  the  grooves  of  uniform  depth  and  having  smooth  sides.  Care 
should  be  taken  not  to  cut  the  grooves  too  deeply  as  this  will 
seriously  reduce  the  strength  of  the  bearing  bushing.  The  shape 
of  the  groove  ordinarily  provided  is  clearly  shown  at  Fig.  136,  6, 
and  it  will  be  observed  that  the  grooves  do  not  extend  clear  to  the 
edge  of  the  bearing,  but  stop  about  a  quarter  of  an  inch  from  that 
point.  The  hole  through  which  the  oil  is  supplied  to  the  bearing 
is  usually  drilled  in  such  a  way  that  it  will  communicate  with  the 
groove. 

The  tool  shown  at  Fig.  136,  K,  is  of  recent  development  and  is 
known  as  a  ^^ crankshaft  equalizer."  This  is  a  hand  operated 
turning  tool  carrying  cutters  which  are  intended  to  smooth  down 
scored  crank  pins  without  using  a  lathe.  The  feed  may  be  ad- 
justed by  suitable  screws  and  the  device  may  be  fitted  to  crank 
pins  and  shaft  journals  of  different  diameters  by  other  adjusting 
screws.  This  device  is  not  hard  to  operate,  being  merely  clamped 
around  the  crankshaft  in  the  same  manner  as  the  lapping  tool 
previously  described,  and  after  it  has  been  properly  adjusted  it 
is  turned  around  by  the  levers  provided  for  the  purpose,  the  con- 
tinuous rotary  motion  removing  the  metal  just  as  a  lathe  tool 
would. 

Bemetalling  and  Fitting  Connecting  Bods. — Fitting  and  ad- 
justing rod  bearings,  especially  those  at  the  crank  pin  end,  is  on< 
of  the  operations  that  must  be  performed  several  times  a  seasoi 
if  a  car  is  used  to  any  extent.  There  are  two  forms  of  connectinf 
rods  in  general  use,  known  respectively  as  the  marine  type,  showi 
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38,  A,  and  the  hinged  form  wpicted  at  Fig.  138,  B.    The 

>e  is  the  simplest,  but  one  clamp  bolt  being  used  to  keep 

together  as  the  cap  is  hinged  to  the  rod  end  on  one  side, 


c 


E) 


X38. — OntUning  Cknnmon  Types  of  Ck>]inecting  Rod  Big  Ends. 

mitting  the  lower  portion  to  swing  down  and  the  crank 
ass  out  from  between  the  halves  when  the  retaining  bolt 
ad.  In  the  marine  type,  which  is  the  most  common,  one  or 
I  are  employed  at  each  side  and  the  cap  must  be  removed 
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entirely  before  the  bearing  can  be  taken  off  of  the  crai 
The  tightness  of  the  brasses  around  the  crank  pin  can  nc 
determined  solely  by  the  adjustment  of  the  bolts,  as  whi! 
important  that  these  should  be  drawn  up  as  tightly  as  i 


Q    B 


Fig.  139.— Simple  Lapping  Tool  for  Cnnk  Pin  and  Hvthod  Of 

the  bearing  shoiild  fit  the  shaft  witliont  undue  binding,  t 
the  brasses  must  be  scraped  to  insurt'  a  proper  fit.  As  is  1 
the  main  beuriiipi,  the  marine  form  of  connecting  rod  has  a  i 
of  liners  or  siiims  interposed  between  the  top  and  lower  p 
of  the  rod  end  and  tliese  may  be  reduced  in  number  TrheD 
sary  tp  bring  tlie  brasses  closer  together. 
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!d  Qttmg  new  brasses  there  are  two  eonditiong  to  be  avoided, 
e  being  outlined  at  Fig.  138,  C  and  D.  In  the  case  shown 
I  the  Ught  edges  of  the  bushings  are  in  contact,  but  the  connect- 
rod  and  its  cap  do  not  meet.  "When  the  retaining  nnts  are 
tened  the  entire  strain  is  taken  on  the  comparatively  small 
I  of  the  edges  of  the  bushings  which  are  not  strong  enough  to 
i&tand  the  strains  existing  and  which  flatten  out  quickly,  per- 


;.   140. — ^AdJneUble   Center  Latbe   Dog  and  Cnnkeluft  SupportInK 
FUnge  for  Vie  In  Taming  Orank  Flna  on  LatHee. 

ing  the  bearing  to  run  loose.  In  the  example  outlined  at  D 
edges  of  the  brasses  do  not  touch  when  the  connecting  rod  cap 
rawn  in  place.  This  is  not  good  practice,  because  the  brasses 
I  become  loose  in  their  retaining  member.  In  the  case  outlined 
necessary  to  file  off  the  faces  of  the  rod  and  cap  until  these 
t,  and  to  insure  contact  of  the  edges  of  the  brasses  as  well, 
ivent  of  the  brasses  coming  together  before  the  cap  and  rod 
e  contact,  as  shown  at  C,  tlie  bearing  halves  should  be  reduced 
he  edges  until  both  the  caps  and  brasses  meet  against  the 
ices  of  the  liaers  as  shown  at  A. 
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Before  assembling  od  the  shaft,  it  is  necessary  to  fit  the  b< 
by  scraping,  the  same  instructions  given  for  restoring  the  < 
of  the  main  bearings  applying  just  as  well  id  this  case, 
apparent  that  if  *the  crank  pins  are  not  round  no  amo 
scraping  will  insure  a  true  bearing,  A  point  to  observe  is  t 
sure  that  the  heads  of  the  bolts  are  imbedded  solidly  ii 
proper  position  and  that  they  are  not  raised  by  any  bi 


Tig.  Ul. — At  A,  Metbod  of  Suppoitlug  and  DrlTi&g  Onnkslu 
Tumlng  H*Jn  BurlngB.  At  B,  Sbowlng  Um  of  Onnkaluft  Si 
Ing  FUugeB  when  Hftchlnlng  Oruik  Flni. 


particles  of  dirt  under  the  head  which  will  flatten  out  af 
engine  has  been  run  for  a  time  and  allow  the  bolts  to  si 
Similarly,  care  should  be  taken  that  there  is  no  foreign  mat 
der  the  brasses  and  the  box  in  which  they  seat.  To  guard 
this  the  bolts  should  be  struck  with  a  hammer  several  timi 
they  are  tightened  up,  and  the  connecting  rod  can  be  hit  -. 
several  times  under  the  cap  with  a  wooden  mallet  or  lead  h 
It  is  important  to  pin  the  brasses  in  place  to  prevent  mo 
as  lubrication  may  be  interfered  with  if  the  boshing  tumi 
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«flks  the  correct  register  between  the  oil  hole  in  the  cap 


i  should  be  taken  in  screwing  on  the  retaining  nuts  to 
that  they  will  remain  in  place  and  not  slack  off.     Spring 

should  not  be  used  on  either  connecting  rod  ends  or  main 

bolts,  because  these  sometimes  snap  in  two  pieces  and 
e  nut  slack.  The  best  method  of  locking  is  to  use  well- 
plit  pins  and  castellated  nuts.  In  a  number  of  the  cheaper 
i  bearing  metal  is  cast  in  place  in  the  connecting  rod  lower 
[  in  main  bearings,  and  is  not  in  the  form  of  removable 

bushings  as  are  used  on  the  more  expensive  cars.  The 
an  who  is  called  upon  to  replace  the  bearing  metal  will 

following  instructions  regarding  remetalling  bearings  of 
The  method  described  was  used  by  the  writer  while  in 
)f  a  large  shop  where  much  work  of  this  kind  was  done 
3e  the  instructions  given  apply  specifically  to  lining  the 
}  of  connecting  rods,  the  same  process  may  be  used  suc- 
'  on  any  other  bearings  where  the  mandrel  and  collars 
ised,  the  dimensions  being  changed  to  suit  the  requirements 
rorker. 

le  case  mentioned  the  journals  of  the  crankshaft  were  two 
Q  diameter  and  the  big  ends  of  the  connecting  rods  were 
o  much  to  allow  of  adjusting.  A. piece  of  pipe  about  9 
>ng  was  procured  and  turned  down  in  a  lathe  until  it  was 
under  2  inches  in  diameter,  which  made  a  hollow  mandrel 
A.  piece  of  steel  tubing  could  have  been  used  to  as  good 
ge  had  any  been  available.  As  the  outside  of  the  bearing 
re  machined  true  a  couple  of  set  collars  were  bored  out 
good  fit  on  the  mandrel,  and  while  still  in  the  lathe  they 
eessed  out  to  just  fit  over  the  outside  of  the  big  ends,  as 
n  sketch  Fig.  4.  One  of  these  collars  was  placed  on  the 
tnandrel  A,  after  which  the  mandrel  was  pushed  through 
end,  and.  the  other  collar  was  put  on  the  other  side,  insur- 
;  the  mandrel  was  as  near  center  as  possible  for  it  to  be. 
anemblage  is  then  supported  on  a  couple  of  V-blocks,  which 
forted  on  a  lathe  bed,  the  ends  of  the  mandrel  lying  within 
while  the  connecting  rod  hangs  between  the  ways.    A  pieevi 
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solid  round  iron  or  steel  which  will  go  inside  of  the  hollow 
andrel  should  be  made  red  hot  wliile  the  anti-friction  metal  is 
eing  melted  and  is  pushed  inside  the  mandrel  to  heat  it.  In  a 
linute  or  two  the  metal  may  be  poured  in  through  B  to  fill  D, 
nd  as  the  metal  and  the  big  end  caps  are  well  heated  the  molten 
aetal  will  flow  to  every  point.  The  heating  of  the  mandrel  can 
«  just  as  well  accomplished  by  directing  the  flame  from  a  blow 
jorch  or  Bunsen  burner  into  the  opening.  After  the  metal  is 
mred  and  has  set  the  whole  may  be  easily  cooled  by  running 
prater  through  tlie  mandrel  or  by  directing  a  blast  of  air  against 
the  big  end,  as  desired. 

Before  the  cap  is  assembled  with  the  connecting  rod  several 
ihims  or  liners  of  sheet  brass  or  copper  should  be  placed  between 
Ihem  so  that  adjustment  for  wear  of  the  new  bearing  can  be  com- 
pensated for  by  the  removal  of  a  liner.  As  is  evident,  the  thinner 
the  liner  and  the  greater  the  number  used,  the  more  sensitive  the 
character  of  adjustment  possible. 

The  use  of  a  hollow  mandrel  is  to  be  preferred  to  a  solid  one 
because  of  the  ease  with  which  it  can  be  heated  and  cooled.  Vents 
diould  be  made  for  the  heated  gases  by  grooving  the  face  of  each 
of  the  collars  nearest  the  big  end  and  en  the  same  side  as  the 
hole  through  which  the  metal  is  poured.  If  provision  is  not  made 
for  "venting"  the  molten  metal  will  not  run  uniformly  and  will 
become  honeycombed.  After  cooling  the  bearing  is  either  bored 
out  in  a  lathe  to  the  size  of  the  journal  or  scraped  to  a  fit  by  hand. 
The  method  of  pouring  the  molten  metal  is  clearly  shown  while 
the  sectional  view  makes  the  construction  and  application  of  the 
mandrel  clear.  The  same  method  may  be  used  to  rebabbitt  main 
boxes  except  that  a  pair  of  collars  will  be  needed  for  each  bearing 
and  a  long  mandrel  used. 

Testing  Bearing  Parallelism. — It  is  not  possible  to  give  other 
than  general  directions  regarding  the  proper  degree  of  tightening 
for  a  connecting  rod  bearing,  but  as  a  guide  to  correct  adjustment 
it  may  be  said  that  if  the  connecting  rod  cap  is  tightened  suffi- 
ciently so  the  connecting  rod  will  just  about  fall  over  from  a 
vertical  position  due  to  the  piston  weiglit  when  the  bolts  at^i  iwW^ 
\ightened  up,  the  adjustment  will  be  nearly  correct.     As  ^teVv 
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ously  stated,  babbitt  or  white  metal  bearings  can  be  set  up  i 
tightly  than  bronze,  as  the  metal  is  softer  and  any  high  spots 
soon  be  leveled  down  with  the  running  of  the  engine.  It  is  in 
tant  that  care  be  taken  to  preserve  parallelism  of  the  wrist 
and  crankshafts  while  scraping  in  bearings.  This  can  be  d 
mined  in  two  ways.  That  shown  at  Fig.  142,  B,  is  used  i 
the  parts  are  not  in  the  engine  assembly  and  when  the  conne< 
rod  bearing  is  being  fitted  to  a  mandrel  or  arbor  the  same 
as  the  crank  pin.  The  arbor,  which  is  finished  very  smooth  ai 
uniform  diameter,  is  placed  is  two  V  blocks,  which  in  turn 
supported  by  a  level  surface  plate.  An  adjustable  height  g 
may  be  tried,  first  at  one  side  of  the  wrist  pin  which  is  place 
the  upper  end  of  the  connecting  rod,  then  at  the  other,  and 
variation  will  be  easily  determined  by  the  degree  of  tilting  ol 
rod.  This  test  may  be  made  with  the  wrist  pin  alone,  or  ii 
piston  is  in  place,  a  straight  edge  or  spirit  level  may  be  empk 
The  spirit  level  will  readily  show  any  inclination  while  the  stn 
edge  is  used  in  connection  with  the  height  gauge  as  indicatec 
When  the  connecting  rods  are  being  fitted  with  the  cranb 
in  place  in  crankcase,  and  that  member  secured  in  the  frao 
steel  square  may  be  used  as  it  is  reasonable  to  assume  thai 
wrist  pin,  and  consequently  the  piston  it  carries,  should  obi 
a  true  relation  with  the  top  of  the  engine  base.  If  the  piston 
is  at  right  angles  with  the  top  of  the  engine  base  it  is  reaaoii 
to  assume  that  the  wrist  pin  and  crank  pin  are  parallel.  If 
piston  is  canted  to  one  side  or  the  other,  it  will  indicate  thai 
brasses  have  been  scraped  tapering,  which  would  mean  cona 
able  heating  and  undue  friction  if  the  piston  is  installed  in 
cylinder  on  account  of  the  pressure  against  one  i>ortion  of 
cylinder  wall.  The  height  gauge  method  shown  above  ma] 
used  instead  of  the  steel  square,  if  designed,  because  the  top  d 
crank  case  is  planed  or  milled  true  and  should  be  parallel 
the  center  line  of  the  crankshaft. 

On  the  new  eight-cylinder  V  types  of  engines  which  are  I 

on  several  models  of  1915  cars  the  connecting  rod  design  is 

ferent  from  that  ordinarily  used,  as  it  is  sometimes  necessai 

Jiave  two  rods  working  from  the  same  crank  pin.   The  ooDstmi 
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B  very  closely  that  used  in  motorcycle  engines  of  the  two- 
er  y  form.  Two  methods  of  connecting  rod  arrangement 
own  at  F^.  143.  In  the  example  at  the  top  of  the  illna- 
I,  connecting  rod  A  has  a  forked  end  which  encircles  the 
crank  pin  bushing.  These  ends  are  of  the  oaual  marine 
rtraddlinir  the  b'S"  end  of  rod  B,  which  is  tree  to  owii.- 
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late  on  the  crank  pin  bushing.  Care  most  be  taken  to  fit  i 
A  in  such  a  manner  that  it  will  be  clamped  tightly  around  the  e 
of  the  main  crank  pin  bushing  so  that  member  will  move 
unison  with  rod  A.  The  method  outlined  in  the  lower  view  u! 
a  master  or  main  rod  A  of  the  conventional  pattern,  excepti 
that  a  slotted  boss  is  forged  on  one  side  of  the  connecting  r 
to  take  the  lower  end  of  rod  B,  which  hinges  on  a  suitable  bei 
ing  pin.  The  crank  pin  bearing  works  in  connection  with  ni8 
rod  A  just  as  in  a  four-cylinder  engine,  and  the  point  to  be  watch 


Tig.  Hi. — Showing  Practical  Application  of  Ball  B«aili)g8  for  Orankstial 
and  Camsbaft  Sopport. 

for  wear  is  at  the  hinge  where  rod  B  fastens  to  the  main  n 
The  same  method  of  fitting  brasses  that  has  been  previously  < 
scribed  in  connection  with  tlie  conventional  forms  of  bearings  ap[ 
just  as  well  to  the  special  type,  though  somewhat  greater  care  w 
be  necessary  in  fitting  the  yoke  or  forked  end  rod  constructi 
than  is  required  with  the  simpler  bearing  subject  to  wear  only 
its  inner  periphery. 

Ball  Bearing  Crankshaft. — A  number  of  automobile  engii 
utilize  ball  bearings  for  supporting  the  crankshaft  aa  outlined 
J^jgs.  144  and  145.     While  these  bearings  are  UHBally  selected 
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toai^n  of  gtrength  is  present  and  the  bearinga  have  much 
reaJBting  power  than  is  needed,  after  the  engine  has  been 
'  a  time  these  may  have  loosened,  and  as  a  result  are  noisy 
in.  Ball  bearings  cannot  be  refitted  as  plain  bearings  can, 
len  worn  it  is  necessary  to  replace  them  with  entirely  new 
-8,  This  work  is  not  difficnlt  as  these  bearings  are  machined 
tnirately,  and  usually  there  is  no  depreciation  at  either  the 
laft  or  the  bearing  honsing  owing  to  all  of  the  wear  having 
d  in  the  bearing  itself.    The  process  of  replacement,  there- 
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fore,  is  a  simple  one,  consisting  mainly  of  forcing  off  the  wor 
members  and  forcing  on  new  ones  in  their  place.  The  method  o 
bearing  retention  outlined  is  a  common  one.  One  of  the  bearingi 
in  this  case  the  rear  one,  has  the  outer  race  securely  held  agains 
end  movement  in  the  retaining  housings,  while  the  inner  race  i 
also  tightly  clamped  around  the  crankshaft  journal  by  means  a 
a  spacing  washer  and  flange  member  tightly  pressed  against  tii* 
bearing  inner  race  by  a  suitable  clamping  nut.  The  front  mail 
bearing  has  only  the  inner  race  clamped.  The  crankshaft  timinj 
gear  serves  to  transmit  the  end  pressure  of  the  nut  on  the  fron 
tjnd  of  the  shaft,  which  has  the  starting  dogs  or  ratchet  form« 
at  one  end.  The  idea  of  this  is  so  that  the  pressure  applied  to  star 
the  engine  with  the  hand  crank  will  result  in  keeping  the  clampini 
nut  tight  due  to  the  leverage  of  the  crank.  The  center  mail 
bearing  has  a  floating  outer  race  just  as  the  front  bearing  hat 
This  means  that  neither  of  these  bearings  will  be  called  upon  t 
resist  end  thrust  and  insures  that  they  will  be  subjected  to  onl; 
radial  loads.  The  inner  race  of  the  center  main  bearing  is  clampe 
against  the  suitable  shoulder  by  a  slit  bushing  which  encircles  th 
crankshaft  and  which  takes  up  the  space  between  the  bearing  inne 
race  and  the  crankshaft  web.  Most  engines  using  ball  bearing 
have  crankshafts  of  the  two  bearing  form,  which  means  that  th 
center  bearing  is  eliminated  and  only  the  end  bearings  used.  Thi 
construction  has  been  made  possible  by  the  almost  universal  pra^ 
tice  of  casting  four  cylinders  **en  bloc,"  but  the  bearings  are  hel 
in  the  same  manner.  The  instructions  given  for  the  care  an 
installation  of  ball  bearings  in  the  chapter  on  running  gear  con 
ponents  applies  just  as  well  to  those  used  for  crankshaft  suppor 
Camshafts  and  Timing  Oears. — Knocking  sounds  are  also  ev 
dent  if  the  camshaft  is  loose  in  its  bearings,  and  also  if  the  can 
or  timing  gears  are  loose  on  the  shaft.  The  camshaft  is  usual] 
supported  by  solid  bearings  of  the  removable  bushing  type,  havis 
no  compensation  for  depreciation.  If  these  bearings  wear  the  onl 
remedy  is  replacement  with  new  ones.  In  the  older  makes  of  cai 
it  was  general  practice  to  machine  the  cams  separately  and  i 
secure  these  to  the  camshaft  by  means  of  taper  pins  or  key 
These  members  sometimes  loosened  and  caused  noise.    In  event  i 
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le  cams  being  loose,  care  should  be  taken  to  use  new  keys  or 
iper  pins,  as  the  case  may  be.  If  the  fastening  used  was  a  pin, 
lie  hole  through  the  camshaft  will  invariably  be  slightly  oval  from 
rear.  In  order  to  insure  a  tight  job,  the  holes  in  cam  and  shaft 
Qust  be  reamed  with  the  next  larger  size  of  standard  taper  reamer 
md  a  larger  pin  driven  in.  Another  point  to  watch  is  the  method 
)f  retaining  the  camshaft  gear  in  place.  On  some  engines  the 
gear  is  fastened  to  a  flange  on  the  camshaft  by  retaining  screws. 
These  are  not  apt  to  become  loose,  but  where  reliance  is  placed 
on  a  key  the  camshaft  gear  may  often  be  loose  on  its  supporting 
member.  The  only  remedy  is  to  enlarge  the  key  slot  in  both  gear 
and  shaft  and  to  fit  a  larger  retaining  key. 

If  the  camshaft  is  sprung  or  twisted  it  will  alter  the  valve 
timing  to  such  an  extent  that  the  smoothness  of  operation  of  the 
engine  will  be  materially  affected.  If  this  condition  is  suspected 
the  crankshaft  may  be  swung  on  lathe  centers  and  turned  to  see 
if  it  runs  out  and  can  be  straightened  in  any  of  the  usual  form 
of  shaft-straightening  machines.  The  shaft  may  be  twisted  with- 
out being  sprung.  This  can  only  be  determined  by  supporting  one 
end  of  the  shaft  in  an  index  head  and  the  other  end  on  a  milling 
machine  center.  The  cams  are  then  checked  to  see  that  they  are 
aeparated  by  the  proper  degree  of  angularity.  This  process  is  one 
that  requires  a  thorough  knowledge  of  the  valve  timing  of  the  en- 
gine in  question,  and  is  best  done  at  the  factory  where  the  engine 
was  made.  The  timing  gears  should  also  be  examined  to  see  if  the 
teeth  are  worn  enough  so  that  considerable  back  lash  or  lost  mo- 
tion exists  between  them.  This  is  especially  important  where  worm 
or  spiral  gears  are  used.  A  worn  timing  gear  not  only  produces 
noise,  but  it  will  cause  the  time  of  opening  and  closing  of  the 
engine  valves  to  vary  materially. 

Valve  Timing  Methods. — Among  the  important  factors  making 
for  efficient  operation  of  the  gas  or  gasoline  engine,  especially 
of  the  multiple  cylinder  type  used  for  automobile  propulsion,  there 
is  none  of  more  importance  than  proper  valve  timing.  In  a  four- 
jylinder  four-cycle  motor  there  are  eight  of  these  members,  two 
0  each  cylinder,  the  function  of  the  inlet  valves  being  to  permit 
be  cylinders  to  £21  with  gas  while  the  exhaust  valves  op^u  \.ci 
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clear  the  cylinders  of  the  products  of  combustion.  The  inlet 
usually  opens  when  the  piston  is  at  approximately  the  top  of] 
stroke  in  the  cylinder,  or  during  that  portion  of  the  engine 
where  the  piston  is  starting  to  go  down  to  draw  in  a  cha 
gas.  This  valve  is  opened  a  period  equal  to  the  downstroke  of 
piston,  and  sometimes  more,  but  is  closed  during  the  sue 
compression,  explosion  and  scavenging  strokes.  The  operati 
the  exhaust  valve  is  very  much  the  same  as  the  inlet,  except 
it  is  opened  for  a  longer  period,  starting  to  open  before  the  p: 
has  completed  the  downward  stroke  produced  by  the  exp 
and  is  sometimes  opened  slightly  after  the  end  of  the  retoni 
scavenging  stroke. 

It  is  important  that  the  valves  open  and  close  according  to 
timing  instructions  issued  by  the  maker  of  the  motor  if  m 
eflSciency  is  to  be  obtained  from  the  power  plant.    As  the 
are  operated  by  cams,  which  in  turn  are  mounted  on  and 
by  a  shaft  turning  at  lialf  the  crankshaft  speed,  the  peripb 
the  flywheel  rim  may  be  utilized  to  indicate  the  valve  timi 
the  motor  by  meaiLs  of  suitable  marks  which  will  register 
trammel  or  indicator  point  usually  fixed  back  of  the  rear  cy] 
with  the  pointer  exactly  on  the  longitudinal  center  line  of 
engine.     At  first  glance  tlie  marks  on  the  flywheel  may  be 
fusing,  but  they  are  easily  understood  if  one  considers  the 
operation  of  a  foiir-cylindcr  four-cycle  motor  and  rememben 
an  explosion  must  take  place  in  some  cylinder  for  every 
indicated  by  one-half  revolution  of  the  flywheel.     As  the 
are  usually  timed  to  remain  open  a  definite  number  of 
measured  by  the  crankshaft  rotation,  the  timing  may  be 
plished  in  two  ways,  that  previously  described  by  following 
wheel  markings  or  by  noting  the  travel  of  the  piston  in  the 
der  with  some  form  of  depth  gauge.    Some  manufaeturen 
timing  tlie  motor  by  following  the  piston  travel  directly, 
make  provision  for  this  timing  by  marking  the  motor  flywl 

In  marking  a  flywhe(4  rim,  one  only  needs  to  remembcr- 
every  circle  may  be  divided  into  360  or  more  parts,  thou^ 
usually  used  because  it  indicates  in  degrees,  whereas  the 
siibdjvisjons,    which   would   be   in   minutes  and  seconds. 
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Bded.  If  the  flywheel  is  not  already  marked,  as  might  be  the 
K  if  the  maker  followed  the  system  of  timing  by  piston  move- 
tait  directly,  it  is  not  difficult  for  any  repairman  to  mark  the 
fvheel  rim  if  he  knows  the  points  of  openings  and  closing  of  the 
ibe  as  expressed  in  degrees  of  crankshaft  travel.  The  first  marks 
iBiake  are  the  points  at  which  two  of  the  pistons  are  at  the  top 
I  the  stroke  and  two  at  the  bottom.  This  is  usually  done  by 
■ndering  the  cylinder  nearest  the  radiator,  or  at  the  front  of 
ft  motor  Xo.  1  and  the  others  in  order  2,  3  and  4.  The  first 
nk  made  on  the  flywheel  rim  is  when  the  j)iston  in  cylinder 
i  1  is  brought  to  the  end  of  its  stroke  or  toward  the  closed  end 
I  the  cylinder.  A  point  is  prick  punched  on  the  flywheel  to 
RRspond  with  the  pointer  of  the  trammel  or  indicator.  This 
cilled  "top  center"  cylinders  1  and  4.  This  may  be  abbre- 
fated  as  '*T.C.l-4,"  which  is  very  easily  indicated  on  the  iron 
kof  the  flywheel  with  ordinary  steel  letter  stamps.  The  flywheel 
itihen  turned  over  a  half  revolution  until  the  pistcm  in  Number  1 
^der  is  at  the  bottom  of  its  stroke.  Another  point  is  then  in- 
ieited  on  the  flywheel  and  this  is  marked  **  B.C.I -4"  which  is 

I  abbreviation  for  ** bottom  center,"  cylinders  1  and  4.  If,  for 
bmple  the  inlet  valve  in  number  1  cylinder  opens  fifteen  de- 
RBes  after  top  center  a  distance  is  measured  off  on  the  flywheel 
p  equal  to  a  crank  shaft  travel  of  15  degrees.  A  line  is  then 
pbed  across  the  face  of  the  flyivheel  and  this  is  marked  **  inlet 
■BI8-'  1  and  4.  If  the  inlet  valve  closed  20  dt»grees  after  bottom 
pter  the  flywheel  is  rotated  half  a  turn  until  the  bottom  center 
p  registers  with  the  trammel.  A  suitable  distance  is  then  meas- 
pd  off  on  the  flywheel  face  from  that  point  that  would  be  equal 

I I  travel  of  20  degrees  on  a  circle  represented  by  the  circum- 
Ittce  of  the  flywheel. 

[  The  rule  for  determining  the  amount  of  space  to  allow  for  a 
■Re  is  not  a  difficult  one  to  apply  in  i)raotice.  It  is  mctrely 
panry  to  multiply  the  diameter  of  the  flywheel  in  inches  by 
boDstant  value,  3.1416,  which  remains  the  same  reganlless  of 
keter  of  the  flywheel,  to  obtain  the  circumference  of  the  Hy- 
mA  in  inches.  This  product  is  divided  by  360,  wliich  ^ives  the 
Hit  of  space  to  measure  off  on  the  flywheel  rim  for  eue\\  (\e 
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gree.  While  the  figuring  is  not  difficult,  the  result  may  be 
quickly  arrived  at  by  reference  to  the  accompanying  table  of  ai 
and  corresponding  arcs  which  has  been  compiled  by  A.  C.  "W 
bury  and  printed  in  the  Horseless  Age.  A  conversion  tab 
also  appended  which  will  be  of  value  inasmuch  as  it  permitt 
conversion  of  hundredths  of  an  inch  to  sixty-fourths  of  an  i 
which  subdivision  is  more  apt  to  be  found  on  standard  fle: 
scales  used  by  American  machinists. 

After  having  marked  the  flywheel  for  the  inlet  valve,  the 
operation  is  to  indicate  the  points  of  opening  and  closing  foi 
exhaust  valve  of  No.  1  cylinder.  As  a  rule,  the  exhaust  'S 
opens  about  45  degrees  ahead  of  the  bottom  center  position  oi 
piston  when  that  member  is  impelled  downward  by  the  force  oi 
explosion.  Following  the  closing  of  the  inlet  valve,  nearly 
strokes  of  the  piston  takes  place  before  the  exhaust  opens, 
being  the  stroke  corresponding  to  the  compression  of  the 
while  the  other  corresponds  to  the  downward  travel  of  the  pi 
due  to  explosion  pressure.  The  exhaust  valve  usually  dos 
few  degrees  before  the  iulet  opens,  though  on  some  engines 
exhaust  may  not  be  fully  closed  before  the  intake  starts  to  c 

A  cross  section  view  of  a  four-cylinder  engine  with  the  vi 
located  in  the  combustion  heads  is  shown  at  Fig.  146,  which 
indicates  the  method  employed  of  marking  the  flywheel  and  | 
the  relation  of  the  various  strokes  for  the  two  most  commonly 
firing  orders  employed  with  four-cylinder  motors.  The  exploi 
do  not  occur  in  each  cylinder  in  the  same  sequence  as  the  cylii 
are  numbered.  An  explosion  in  cylinder  No.  1  is  followed  by 
in  No.  2,  then  by  one  in  No.  4,  and  lastly  by  one  in  No,  8,  ao« 
ing  to  one  method.  In  the  other  the  firing  order  is  1 — 3 — « 
In  other  words,  the  explosions  mi^st  follow  each  other  in  cylii^ 
1  and  2  or  in  cylinders  3  and  4,  because  in  these  one  pistcm  i 
while  the  other  is  down. 

Considering  the  firing  order  first  named,  if  an  explosifl 
taking  place  in  cylinder  No.  1  driving  the  piston  downward 
piston  in  cylinder  No.  2  is  compressing  a  charge  as  it  is  mfl 
upward,  that  in  No.  3,  which  is  moving  in  the  same  directki 
the  piston  in  No.  2,  is  expelling  the  burnt  gas,  and  the  pist' 
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,  which  is  moving  down  or  in  the  same  direction  as  piston 
,  is  drawing  in  a  chaige  of  gas.  At  the  completion  of  the 
■on  stroke  in  cylinder  No.  1  the  positions  of  the  pistons  is 
verse  to  that  shown  in  the  illustration,  i.e.,  pistons  in  No.  1 
To.  4  are  at  the  open  end  of  the  cylinder,  whereas  those  in 
and  No.  3  are  at  the  top  or  closed  end. 


IM^ExpUlnlng  Hetbod  of  Timing  Vilvu  a 
of  Fonx  0:^lnder  Uotor. 


1  UaiUng  Flywluel 


ben  piston  No.  1  starts  to  go  up  again  it  will  be  forcing  out 
trnt  gas  due  to  the  previous  explosion.  That  in  No.  2,  which 
•ehed  the  top  end  of  the  stroke  just  after  compressii^  the 
i;  is  subjected  to  the  explosion;  that  in  No.  3,  which  moves 
■ame  direction  aa  piston  No.  2,  and  which  has  just  cleared 
t  burnt  gas,  is  drawing  in  a  fresh  charge,  while  piston  No.  4 
ring  toward  the  top  of  the  cylinder,  compressing  the  gas 
id  daring  the  preceding  downward  Btroke.    The  remaiudei 
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Fig.  147. — UutrnctlDiu  Olreii  by  the  LocomobUo  Oompaoj  for 
Timing  of  Ita  Vuioiu  Euly  Hodak. 


of  the  Operations  may  be  readily  followed  by  the  reader  by 
iDg  the  illiLStratioDS  and  the  explanatory  context. 

At  Fip.  147  the  system  of  valve  timing-  employed  on  I 
models  of  the  T.^K-oniobile  ears  is  clearly  outlined.  At  the  t 
points  of  openiug  anil  closing  of  the  valves  in  the  Loeo 
Model  L,  as  measured  by  piston  travel,  are  depicted,  irtii 
bottom  series  shows  the  timing  of  the  models  K  and  M  for  a 
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of  years.  It  will  be  apparent  that  it  would  not  be  difiScult  1 
aieasore  the  piston  travel  by  inserting  a  suitable  depth  gau{ 
through  a  petcock  at  the  top  of  the  cylinder,  so  a  rod  or  wi] 
eould  be  employed  to  follow  the  piston  movement. 

At  Pig.  148  the  valve  timing  of  the  1915  Overland  motor 
ontUned,  this  showing  the  method  of  indicating  the  points  on  tl 
flywheel  rim,  and  also  the  amount  of  travel  of  the  crankshaft  1 
conform  to  the  number  of  degrees  opening  and  closing  of  tl 
valve.    The  marks  on  the  flywheel  and  their  meaning  follows: 

1-4  Up  means:  cylinders  1  and  4  are  in  their  uppermost  position. 

2-3  Up  means:  cylinders  2  and  3  are  in  their  uppermost  position. 

1-4  I-O  means:  inlet  valve  of  cylinder  1  or  4  opens. 

1-4  I-C  means:  inlet  valve  of  cylinder  1  or  4  closes. 

1-4  £-0  means:  exhaust  valve  of  cylinder  1  or  4  opens. 

1-4  E-C  means:  exhaust  valve  of  cylinder  1  or  4  closes. 
.  2-3  1-0  means:  inlet  valve  of  cylinder  2  or  3  opens. 

[  2-3  I-C  means:  inlet  valve  of  cylinder  2  or  3  closes. 

2-3  £-0  means:  exhaust  valve  of  cylinder  2  or  3  opens. 
i  2-3  EC  means:  exhaust  valve  of  cylinder  2  or  3  closes. 

To  determine  when  the  setting  of  the  valves  is  correct  procee 
as  follows,  beginning  with  cylinder  No.  1 :  First  open  the  primin 
eocks  over  all  exhaust  valves  to  relieve  the  compression  and  1 
make  flywheel  rotation  easier.  Second,  turn  the  flywheel  to  tl 
left  until  the  mark  1-4  Up  is  in  line  with  the  punched  guide  mai 
on  No.  4  cylinder.  Pistons  No.  1  and  No.  4  are  now  at  the: 
highest  points,  or  on  upper  dead  center.  About  1%  ii^ch  to  tl 
right  of  the  mark  one  will  notice  another  indication,  1-4  I  ( 
Turn  the  flywheel  to  the  left  until  this  mark  is  lined  up  with  tl 
punch  mark  on  cylinder.  At  this  point  the  inlet  valve  of  eith< 
cylinder  No.  1  or  cylinder  No.  4  should  begin  to  lift.  If  the  li; 
8hould  occur  in  cylinder  No.  4,  turn  the  flywheel  one  complex 
revolution  until  the  marks  1-4  I  0  again  appear  on  top  and  i 
line  with  the  guide  marks.  Now  feel  of  the  inlet  valve  lift  plunge 
of  cylinder  No.  1,  which  should  be  in  contact  with  the  inlet  vab 
stem,  and  further  rotation  of  the  flywheel  to  the  left  should  begi 
to  produce  a  lift  of  the  inlet  valve,  which  may  be  observed  t 
watching  the  upward  movement  of  the  valve  stem.    T\V\Td,  \.o  ^ 
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termine  the  closing  point  of  the  same  inlet  valve  turn  the  flj 

• 

a  little  more  than  half  a  revolution  until  the  mark  1-4  I  C  a] 
on  top  and  registers  with  the  punch  mark  on  the  cylinder, 
the  flywheel  in  this  position  the  inlet  valve  should  be  close< 
after  very  slight  movement  of  the  flywheel  to  the  left  there  j 
be  enough  space  between  the  top  of  the  valve  plunger  and  th 


I 


Punch  fnfrrk 


Fig.  148. — How  the  Overland  Four  Cylinder  Motor  Valves  are  T 


valve  stem  to  insert  a  thin  visiting  card.  At  the  Overlan 
tory  this  space  is  measured  by  a  gauge  exactly  twelve  thou& 
of  an  inch  (.012)  thick;  this  clearance  is  necessary  to  comp 
for  the  expansion  of  the  valve  stem  when  it  becomes  hot  < 
the  operation  of  the  engine.  The  exhaust  valve  opening  in 
cylinder  is  then  gone  over  in  the  same  manner.  After  the 
where  the  inlet  valve  closes  the  flywheel  is  turned  half  a  tun 
the  mark  1-4  Up  comes  to  the  top.  Turn  the  flywheel  to  tl 
until  a  mark  indicated  by  1-4  E.  O.  registers  iivith  the  punch 
in  the  cylinder.  To  determine  the  point  of  exhaust  valve  < 
turn  the  flywheel  to  the  left  for  a  space  equal  to  241  d 
measured  on  the  flywheel  rim  where  a  mark  will  be  founc 
eating  the  point  of  exhaust  valve  closing,  which  will  be  1-4 
In  order  to  enable  the  repairman  to  judge  the  amount  of  di 
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•d  on  the  flywheel  circumference  correspondiog  to  the  num- 
l^rees  valve  opening  the  following  tabulation  is  given: 

Model  69  ilodel  71 

iinetrr  of  Ajwheel   17  in,  18  in. 

et  valve  Dp«DB  late l^a  '% 

et  valve  closes  late  ^m^  S^lfe 

haost  valve  opecs  earlj   6^%  ^'%4 

baost  valve  closes  late   2i%4  2^ 

same  instructions  apply  to  1915  four-cylinder  motors. 


of  Tlmlns  Valvoa  of  Overland  Six  C:^lnd«i  Motoc 
Had  Adjnrtlv  Tclr*  Oeaz, 
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Bemeshing  Overland  Model  82  Time  Gears. — A  cross  shaft  oi 
front  of  the  motor  operates  the  generator  and  pump  shaft.  Thi 
shaft  is  driven  by  a  bronze  gear  keyed  to  the  front  end  of  thi 
crankshaft.  The  gear  at  the  extreme  left  of  the  cross  shaft  (Fig 
149)  or  right  hand  side  of  the  motor  drives  the  generator  shaft 
The  second  gear  from  the  left  of  the  illustration  drives  the  cam 
shaft.  The  gear  at  the  right  of  the  cross  shaft  drives  the  pum] 
and  magneto  shaft  which,  like  the  cam  and  generator  shaft,  run 
parallel  to  the  crankshaft.  When  these  have  been  taken  apart  aiw 
are  to  be  reassembled,  follow  these  directions:  Turn  the  flywhec 
until  pistons  1  and  6  are  on  upper  dead  center,  with  No.  1  jus 
completing  its  compression  stroke  and  ready  to  fire.  On  keyini 
the  driving  gear  to  the  crankshaft,  make  sure  that  the  straigb 
mark  on  the  top  of  the  gear  is  lined  up  with  the  bottom  face  o 
the  cylinder  casting. 

Through  the  inspection  plate  you  wdll  notice  a  straight  mar 
lengthwise  of  the  cross  shaft.  This  mark  must  line  up  with 
corresponding  mark  on  the  face  of  the  inspection  plate.  Lir 
ing  up  the  shaft,  of  course,  automatically  brings  the  four  gear 
keyed  on  to  the  shaft  in  their  proper  positions.  Now  it  is  onl 
necessary  to  assemble  the  three  driven  gears  so  that  the  arro^ 
punched  on  the  face  line  with  the  corresponding  mark  on  th 
housing. 

Timing  the  Valves. — This,  too,  is  an  operation  which  shoul 
be  undertaken  with  caution  and  carried  out  with  accuracy,  an 
by  a  person  competent  to  do  such  work.  The  rim  of  the  flywhe< 
bears  at  various  points  the  following  marks: 

1-6  D-C  means:  pistons  of  cylinders  1  and  6  are  in  their  utmost  positioi 
2-5  D-C  means:  pistons  of  cylinders  2  and  5  are  in  their  utmost  positioi 
3-4  D-C  means:  pistons  of  cylinders  3  and  4  are  in  their  utmost  positioi 
1-6  I-O  means:  inlet  valve  of  cylinder  1  or  6  opens. 
1-6  I-C  means:  inlet  valve  of  cylinder  1  or  6  closes. 
1-6  E-0  means:  exhaust  valve  of  cylinder  1  or  6  opens. 
1-6  E-C  means:  exhaust  valve  of  cvlinder  1  or  6  closes. 
2-5  1-0  means:  inlet  valve  of  cylinder  2  or  5  opens. 
2-5  I-C  means:  inlet  valve  of  cylinder  2  or  5  closes. 
2-5  E-0  means:  exhaust  valve  of  cylinder  2  or  5  opens. 
£'/J  EC  means:  exhaust  valve  of  cylindei  2  oi  S  eYo^e^. 
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•4  I-O  means:  inlet  valve  of  cylinder  3  or  4  opens. 
;-4  I-C  means:  inlet  valve  of  cylinder  3  or  4  closes. 
^  E-0  means:  exhaust  valve  of  cylinder  3  or  4  opens. 
14  £-C  means:  exhaust  valve  of  cylinder  3  or  4  closes. 

The  motor  cylinders  are  numbered  1,  2,  3,  4,  5,  6,  number  1 
being  the  cylinder  near  the  radiator  and  number  6  the  nearest 
the  dafih.  Cylinder  number  1  fires  first,  number  5  next,  then  num- 
bers 3  and  6,  then  2  and  4.  The  timing  of  the  valves  is,  perhaps, 
best  understood  by  reference  to  the  diagram.  It  will  be  seen 
that  the  intake  valve  opens  when  the  flywheel  is  7°  54'  past 
upper  dead  center  and  closes  when  it  is  30°  6'  past  the  lower 
dead  center.  The  exhaust  valve  opens  41°  2'  before  the  lower 
dead  center  and  closes  again  3°  51'  past  upper  dead  center;  thus 
the  inlet  valve  opens  and  closes  late,  whereas  the  exhaust  valve 
opens  early  and  closes  late. 

The  flywheel  being  15J^  inches  in  diameter,  the  following 
table  gives  the  measurements  in  inches  of  the  valve  operation  when 
laid  out  on  the  rim  of  the  flywheel : 

Diameter  of  flywheel 15^  inch 

Inlet  valve  opens  late 1.07  inch 

Inlet  valve  closes  late   4.07  inch 

Exhaust  valve  opens  early   5.59  inch 

Exhaust  valve  closes  late 52  inch 

To  determine  whether  setting  of  the  valves  is  correct,  pro- 
ceed as  follows,  beginning  with  cylinder  number  1:  Open  the 
priming  cocks  over  all  exhaust  valves,  to  make  the  turning  of  the 
flywheel  easier.  Turn  the  flywheel  to  the  left  until  the  mark 
1-6  D-C  is  in  line  with  the  guide  mark  on  number  6  cylinder. 
S'ow  pistons  1  and  6  are  at  their  highest  points  in  their  cylinders, 
)r  on  upper  dead  center.  About  1.07  inches  to  the  right  of  mark 
1-6  D-C  you  will  notice  the  mark  1-6  I-O.  Turn  the  flywheel  to 
the  left  until  this  mark  is  lined  up  with  the  guide  mark  on  the 
motor.  At  this  point  the  inlet  valve  of  either  cylinder  1  or 
cylinder  6  should  begin  to  lift.  If  the  lift  should  occur  Sn 
cylinder  6,  turn  the  flywheel  one  complete  revolution,  until  the 
mark  1-6  I-O  agraw  appears  on  top  and  in  line  witYi  W\e  ^\\\3l^ 
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mark.  Now  watch  or  feel  the  inlet  valve  stem  of  cylinder  l;it 
should  just  begin  to  lift  from  its  seat. 

To  determine  the  closing  point  of  the  same  inlet  valve,  tnni^ 
the  flywheel  a  little  more  than  a  half  revolution,  until  the  mailb 
1-6  I-C  appears  on  top.  With  the  flywheel  in  its  position,  tht; 
inlet  valve  should  be  closed  and  there  should  be  just  enough  space 
between  the  top  of  the  valve-lifter  and  the  valve  stem  that  a  thin 
visiting  card  can  be  placed  between  them.  At  the  factory  stem 
and  lifter  are  set  so  that  the  distance  between  them  is  exactly 
four  thousandths  of  an  inch ;  this  clearance  is  necessary  to  com- 
pensate for  the  expansion  of  the  valve  stem  when  it  becomes  hot 
during  the  oi)eration  of  the  engine. 

If  adjustment  is  necessary,  loosen  the  lock-nut  on  the  top  of 
the  valve  lifter  bracket  and  screw  the  lower  nut  up  and  down, 
as  shown  in  B,  Fig.  149.  If  the  play  between  valve  lifter  and 
valve  stem  is  too  great,  the  result  will  be  noisy  operation ;  if  the 
adjustment  is  too  close,  the  valve  may  be  prevented  from  seating 
fully.  Next,  test  the  exhaust  valve,  again  bringing  1-6  D-C  to 
the  top,  and  turning  the  flywheel  to  the  left  until  the  mark  1-6 
E-C  appears  in  line  with  the  guide.  After  you  have  tested  the 
closing  of  the  exhaust  valve  of  cylinder  number  1,  test  its  openhig 
by  revolving  the  flywheel  until  the  mark  1-6  E-0  comes  to  the  top. 
Then  go  carefully  over  the  valves  of  cylinders  numbers  6,  2  and  5 
and  3  and  4.  A  slight  variation  of  the  flywheel  markings  to  the 
right  or  left  of  the  guide  mark  is  permissible,  but  it  should  not 
be  greater  than  a  quarter  of  an  inch. 

There  is  hardly  a  repair  shop  in  the  world  that  will  not  have 
occasion  to  time  the  valves  of  a  Ford  motor.  The  firing  order  is 
1 — 2 — 4 — 3  and  the  point  of  valve  openings  are  clearly  indicated 
in  diagrams  at  Fig.  150.  These  show  the  points  as  measured  di- 
rectly by  the  piston  travel  and  need  no  further  explanation. 

Marking  Offset  Cylinder  Motor. — The  instructions  given  for 
marking  flywheels  apply  specifically  to  those  engines  in  which  the 
center  lines  of  the  cylinder  and  crankshaft  coincide.  If  there  is 
no  offset  the  flywheel  is  marked  from  upper  and  lower  dead  cen- 
ters, which  also  indicate  the  top  and  bottom  positions  of  the 
pistons  in  the  eyJinders.    With  an.  oftset  eT«LTkksk«£t^  thft  flywhed 
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Fig.  160. — Hethoda  of  Timing  the  Ford  Foni  Oyltnder  Motor. 


marked  at  the  upper  vertical  point  by  tlie  angles  laid  off  fn 
8t  position  of  the  piston,  connecting  rod  and  crankshaft  whi 
iogs  the  three  centers  into  line,  i.e.,  the  piston  pin  center,  t 
auk  pin  center  and  the  center  of  the  crankshaft  bearing.  T 
ucm  for  this  is  that  with  the  piston  at  its  higheai  pQict 
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indicated  "by  tlie  usual  method  of  finding  upper  center  I 
lii^  the  connecting  rod  vertically  in  the  upper  position,  a  s 
further  movement  of  the  crank  which  will  bring  the  thrt 
ters  into  line  will  raiae  it  a  small  amount  further,  this 
being  the  true  point  of  upper  dead  center.  Similarly  wi 
lower  center  when  the  connecting  rod  is  at  its  lowest  poii 
starts  to  rise  si 
the  piston  is  nol 
lowest  point  ai 
movement  past  ■ 
until  the  three 
points  mentionet 
into  line,  will 
tinue  to  draw  tl 
ton  downward  a 
though  meas 
amount.  In  th< 
tration.  Fig.  1: 
four  stages  of 
off-set  engine 
Rliown.  The  \. 
tions  of  this 
have  been  exa^ 
to  some  e  z  t  e 
clearly  bring  o' 
points  involved. 
Fig.  151.— Diagram  flhowlng  Flywhael  Mwkiiig  cycle  of  the  eni 
on  OT«rlsiid  Six  CTlludai  Motor.  followed     throng 

the  diagrams  in 
sequence,  this  being  inlet  opening,  inlet  closing,  exhaust 
ing  and  cshanst  closing.  In  these  diagrams .  the  timin{ 
is:  Inlet  opens  at  8  degrees  past  the  upper  center;  inlet 
at  26  degrees  past  the  lower  center,  making  the  total  inlel 
ing  108  degrees;  exhanst  opens  at  46  degrees  before  lowf 
ter,  exhaust  closes  at  5  degrees  past  upper  center,  making  tl 
exhaust  opening  231  degrees.  If  the  engine  timing  differ 
tJiis  and  the  flywheel  is  not  marked,  with  the  points  of  o 
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IUPMiMlH«tLC 
OmkfmUm 


1    kki 


2   y^CUir 


3    EilMitObi^ 


4    EiknlClMi^c 


—How  to  BCark  Flywlieels  of  Engines  Having  Oflfset  CyllndetE. 
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and  closing  given,  it  will  not  be  diflScult  to  mark  the  flywheel  rim, 
though  this  is  a  job  that  must  be  carefully  done.  To  simplify 
the  explanation,  we  will  assume  that  the  motor  timing  is  the  same 
as  indicated.  The  method  of  procedure  is  as  follows:  First,  place 
the  engine  in  a  suitable  position  to  work  on  and  remove  the  lower 
half  of  the  crankcase.  Turn  the  crankshaft  over  slowly  until  the 
upper  end  of  the  connecting  rod  reaches  the  top  point,  then  turn 
still  more  slowly,  until  the  three  centers  are  brought  into  line. 
This  will  be  a  somewhat  diflScult  job  to  handle,  but  with  care,  afr 
sisted  by  the  more  usual  method  of  placing  a  pointer  in  the  top  of 
the  cylinder,  resting  on  the  piston,  and  moving  up  and  down  with 
the  latter,  this  can  be  accomplished.  Having  the  center,  lay  a 
straight  edge  across  the  crankcase  lower  edge,  and  set  a  protractor 
or  other  angle  measuring  device  to  the  exact  angle  between  this 
and  the  cheeks  of  the  crankshaft.  Now,  take  this  protractor  off, 
note  the  angle,  and  then  add  to  this  the  angle  of  the  inlet  opening, 
eight  degrees  as  above.  Set  this  back  on  the  straight  edge  and 
turn  the  crank  until  the  cheeks  coincide  with  the  new  setting  of 
the  protractors.  Then  mark  the  upper  point  of  the  flywheel  with 
the  initial  letters  I  0,  to  indicate  inlet  opening.  It  is  well  to  mark 
this  at  the  time  the  work  is  done  with  prick  punches  which  can 
be  remedied  afterward,  scribing  a  line  clear  across  the  flywheel 
and  then  putting  in  the  letters  or  the  full  words  if  desired. 

Find  the  following  lower  dead  center  and  mark  the  flywheel 
for  that  in  the  same  manner.  Then,  nearly  a  full  turn  is  neces- 
sary before  the  next  lower  center,  from  which  the  angle  of  the 
exhaust  opening  must  be  subtracted,  this  calling  for  a  backward 
movement.  No  trouble  need  be  experienced  in  the  final  exhaust 
closure  point.  In  the  sketch  the  marking  is  indicated  to  go  oi 
the  center  of  the  flywheel,  that  is,  directly  above  the  center  line 
of  the  crankshaft.  This  is  not  necessary,  the  marks  may  be  pul 
anywhere  desired,  on  the  cylinder  center  line  or  elsewhere.  A 
pointer  of  sheet  metal  should  be  made  and  fastened  on  the  engine 
case  somewhere,  preferably  under  the  nuts  of  the  rear  cylindei 
bolts,  so  as  to  point  to  the  marks. 

Two  typical  valve  timing  diagrams,  one  for  a  four  cylindei 
engine  having  a  flywheel  diameter  of  15%  mehea,  the  other  of  a  sii 
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cylinder  engine  are  given  at  Fig.  153.  In  the  diagram  at  the 
left,  which  is  that  of  a  four  cylinder  motor  having  a  firing  order 
of  1 — 3 — 4 — 2,  the  points  of  valve  opening  and  closing  are  not  only 
indicated  in  degrees  but  also  by  the  equivalent  dimensions  measured 
on  the  flywheel  periphery.  In  the  six  cylinder  engine  diagram 
shown  at  the  right  the  points  are  indicated  measured  in  degrees. 

In  studying  the  table  presented,  it  should  be  remembered 
that  there  are  many  conditions  upon  which  valve  timing  depends, 
and  a  formula  correct  for  one  motor  would  not  necessarily  be 
satisfactory  for  another  of  the  same  size.  In  all  cases,  the  inlet 
valve  opens  after  the  piston  has  reached  the  end  of  its  exhaust 
stroke,  the  lag  depending  upon  the  size  of  the  valve,  shape  of  cam 
and  motor  speed  desired.  Most  designers  do  not  open  the  inlet 
valve  until  the  exhaust  is  fully  closed,  but  there  are  some  who  al- 
low the  valves  to  overlap;  that  is,  the  inlet  valve  starts  to  open 
before  the  exhaust  is  fully  closed.  It  should  be  remembered  that 
exhaust  closing  and  inlet  opening  occur  approximately  after  thai 
point  in  the  cycle  where  the  piston  reaches  the  end  of  ita  second 
up  stroke.  The  inlet  valve  closes  after  the  bottom  of  the  suction 
stroke  is  reached,  good  practice  being  a  lag  of  between  30  and  4C 
degrees  crank  travel.  The  exhaust  valve  opens  before  the  piston 
reaches  the  end  of  its  down  stroke  under  the  influence  of  the  ex- 
plosion. The  lead  may  be  as  high  as  60  degrees  crank  travel  be- 
fore center,  but  this  is  an  extreme  case.  Good  average  practice  h 
covered  ni  the  range  between  40  and  45  degrees  lead. 

The  reason  for  having  the  exhaust  valve  closing  and  inlet  valve 
opening  overlap  is  that  this  takes  advantage  of  the  momentum  ol 
the  exhaust  gas  and  results  in  clearing  the  cylinder  more  positively 
than  if  the  valve  closed  absolutely  on  center.  During  the  final 
period  of  valve  closing  but  little  space  is  present  for  the  escape  ol 
gases.  If  tlie  valve  closed  positively  on  upper  dead  center,  the  area 
of  the  port  or  i)assago  would  be  small  for  an  appreciable  upward 
movement  of  the  i)iston  wlien  it  neared  the  top  of  its  stroke,  and 
more  inert  fras  would  he  retained  in  the  cylinder  than  if  the  valve 
was  closed  after  the*  piston  starts  down  on  the  intake  stroke. 

The  follo^dng  table  outlines  the  valve  timing  of  a  number  ol 
standard  Aniericnn  automobile  motors. 
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.VE  TIMING  OF  SOME  TYPICAL  AMERICAN  CARS 
FROM  S.A.E.  DATA  SHEET,  No.  53.  VOL.  I 


T 

Intake 

Opens 

Deg.  Min. 

Intake 

ClOM 

Deg.  Min. 

Exhaust 

Opens 

Deg.  Min. 

Exhaust 

Closes 

Deg.  Min. 

11.30 
17.53 
4. 20  to  14.20 
13.00 
12.00 
14.00 
13.00 
16.48 

8.00 

5.00 

5.00 
21.00 
15.00 
18.00 
18.00 

9.44 
15.00 
10.00 

5.00 

6.00 
10.00 
14.00 
15.00 

9.40 

0.40 
10.00 
18.00 
10.00 

7.00 
15.00 

49.12 
29.25 
38.26 
30.00 
33.00 
39.00 
49.00 
54.08 
33.00 
35.00 
35.00 
28.00 
38.00 
46.00 
46.00 
30.38 
30.00 
40.00 
40.00 
32.00 
28.00 
24.00 
38.00 
32.30 
32.25 
28.00 
36.00 
28.00 
36.00 
30.00 

45.48 
42.36 
31.34 
50.00 
55.00 
49.30 
47.00 
27.13 
51.30 
47.00 
37.00 
46.00 
45.00 
47.00 
47.00 
32.10 
45.00 
60.00 
35.00 
43.00 
40.00 
31.00 
45.00 
41.50 
40.30 
40.00 
53.30 
40.00 
43.00 
45.00 

11.30 

8.20 

7.00 

13.00 

12.00 

12.00 

9.00 

.H-4 

Jo.  4 

14.06 

17.00 

2.00 

2.00 

16.00 

10.00 

15.00 

15.00 

5.00 

5.00 

on 

<M1 

6.00 

2.30 

► 

21.00 

10.00 

30 

11.40 

25 

12.00 

tie  6 

2.30 
14.00 

;.r 

2.30 

12.00 

10.00 

he  space  between  the  valve  stem  and  the  valve  lifter 
.n  it  should  be  there  are  two  methods  of  compensating 
preciation.  On  many  small  motors  no  adjustment  is 
jtween  the  valve  stem  and  the  valve  stem  plunger.  The 
the  Ford  car  advise  drawing  the  valve  stems  out  until 
space  exists  between  the  push  rod  and  the  stem.  It  is 
vhen  drawing  out  the  stem  or  lengthening  it  not  to  bend 
:em,  as  this  will  result  in  the  valves  sticking,  or  in  any 
t)ore  of  the  valve  stem  guide  in  the  cylinder  will  be 
*n]y.    The  clearance  between  the  pushrod  aiid  \\ve  n An^ 
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stem  should  never  be  greater  than  ^2-i^ch  nor  less  than  %4-inc] 
If  too  much  clearance  is  present  the  valves  will  open  late  an 
close  early.  If  the  clearance  is  less  than  the  minimum  there  i 
danger  of  the  valve  remaining  partially  open  all  of  the  time  b< 
cause  the  valve  stem  lengthens,  due  to  expansion  produced  by  th 
heat  of  the  explosion.  When  it  is  necessary  to  draw  down  a  valv 
stem  this  should  be  done  by  peening  it  for  about  ^-inch  abov 
the  pinhole  or  key  slot. 

It  is  not  a  difficult  matter  to  set  the  clearance  exactly  as  i 
should  be  on  those  types  of  engines  provided  with  an  adjustmen 
screw  which  may  be  raised  or  lowered  in  the  valve  plunger  or  i 
forms  having  fiber  inserts  in  the  top  of  the  valve  plunger.  Thes 
inserts  are  utilized  to  silence  the  valve  action  and  may  be  easil: 
removed  and  replaced  with  new  ones  when  worn.  A  simple  an 
cheap  accessory  that  can  be  obtained  on  the  open  market  can  b 
used  to  adjust  the  clearance  on  Ford  and  similar  type  moton 
This  consists  of  a  number  of  stamped  steel  cups  that  can  be  push© 
on  the  lower  portion  of  the  valve  stem  and  a  number  of  thin  ste€ 
washers  to  be  interposed  inside  of  the  cup  and  between  the  bol 
tom  of  that  member  and  the  end  of  the  valve  stem  to  regulat 
the  clearance  as  desired. 

Sleeve  Valve  Motors. — A  number  of  automobile  manufacturer 
have  adopted  the  Knight  sleeve  valve  motor  as  a  power  plani 
The  same  instructions  that  have  been  given  regarding  the  time  0 
opening  and  closing  of  the  valves  of  other  motors  also  apply  t 
this  form  in  a  limited  degree.  The  only  possibility  of  losing  th 
timing  on  the  sleeve  valve  motor,  which  is  shown  in  section  a 
Figs.  154  and  155,  is  by  faulty  setting  of  the  sleeve  operatin: 
crankshaft,  in  its  relation  to  the  main  crankshaft.  If  the  timin 
is  altered  by  depreciation  of  the  bearing  in  the  sleeve  operatin 
links  they  may  be  refitted;  the  lower  or  rotating  bearings  whic 
would  be  more  apt  to  wear  than  the  upper  or  oscillating  bearing 
are  of  the  same  marine  pattern  as  is  generally  used  in  the  mai 
connecting  rod.  This  means  that  any  depreciation  may  be  remt 
died  by  fitting  the  bearing  caps  closer  to  the  connecting  rod  an 
scraping  or  reaming  to  fit. 

In  order  to  show  clearly  the  appeataii^ife  ol  l\v%  ^watis  pari 
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of  the  sleeve  valve  mechanism  tee  views  at  Pig.  156  are  pret 
At  A,  the  cylinder  heads  which  have  just  been  removed  frc 
cylinder  block  B,  are  depicted.  The  connecting  rod,  piste 
the  two  sleeve  valves  in  one  assembly  just  as  it  is  removec 

the  cylinder  inte 

shown  at  C.  Tl 
ton  and  connecti 
removed  from  t 
terior  of  the  ins 
long  sleeve  is  sbt 
B,  the  inude  o: 
sleeve  is  outlined 
and  the  short  sh 
shown  at  F.  It  ^ 
apparent  that  tl 
passages  which  ; 
the  form  of  do 
into  the  upper  p 
of  the  sleeve  waJ 
not  apt  to  chat 
size  except  the 
ismsll  amount  d 
the  deposit  of  c 
in  the  port  ope 
Obviously  they  a 
restored  to  full  a 
scraping  away  th. 
terial. 

The  illustratic 
Fig,  157  will 
clearly  the  relati 
the  two  sleeves 
the  cranks  ope: 
them,  while  the 
of  views  at  the 

Tig.  165.— Blwrwlng  AppUcstlon  And  Mtthod       "''^'  ^^°'^  ^^^  ** 
of  OpeTMtion  ot  BUding  Sleeve  Vtin.  ^arioua   ports  n 
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a  clear  passa^  for  the  ingress  or  egress  of  the  gases.  At 
ton  is  shown  at  top  center,  tlie  exhaust  ports  have  just 

tlie  inlet  ports  are  just  about  to  register  and  permit  the 
-  into  the  cylinder  as  the  piston  descends  on  its  suction 


Ig.  156. — ^Futs  of  Sleeve  VUve  Oylinder  Assembly. 

t  B,  tlie  piston  is  seen  nearing  the  eiul  of  its  stroke  and 
ort  is  fully  open.  The  exhaust  port  is  completely  closed, 
liuwn  the  end  of  the  intake  stroke  with  the  inlet  ports 
ig,  Tlie  view  at  D,  shows  the  piston  at  the  end  of  its 
in  stroke  with  both  inlet  and  exhaust  ports  closed.  At 
on  has  gone  down  the  greater  portion  of  its  power  stroke 
ihaust  openings  in  the  inlet  and  outer  sleeves  are  just 
to  meet  and  register  with  the  exhaust  outlet  port  in  the 
At  F,  the  exhaust  port  is  about  half  open,  at  G,  the  ex- 
is  fully  open.  The  piston  and  crank  position  at  H,  in- 
closing of  the  exhaust  port.  The  inniT  and  outer  sleeves 
cannot  vary  in  timing  which  is  determined  by  tlie  dis- 
'  the  throws  on  the  sleeve  operating  crankshaft.  If  for 
I  the  proper  relation  of  rotation  hetwceii  the  main  crank- 
the  member  operating  the  sleeve  valves  is  lost  one  may 
iTlinder  No.  1  and  time  the  engine  ill  somewhat  ftw  sam^ 
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manner  as  the  poppet  valve  motor  is  timed.  The  instructions  given 
for  setting  the  sleeve  valve  of  the  Lyons-Knight  motor  are :  the 
intake  opens  10  degrees  after  top  dead  center  and  closes  40  de- 
grees after  the  bottom  dead  center.  The  exhaust  valve  opens  60 
d^rees  crank  travel  before  the  piston  reaches  the  end  of  its  power 
stroke  and  closes  on  dead  center. 

One  peculiar  point  about  the  sleeve  valve  motor  in  which  it 
differs  radically  from  the  poppet  valve  type  is  that  the  carbon 
deposits  which  are  very  detrimental  to  proper  poppet  valve  opera- 
tion are  said  to  be  actually  beneficial  to  the  operation  of  sleeve 
valves  because  the  carbon  on  the  sleeves  has  a  certain  lubricating 
value.  Instead  of  endeavoring  to  prevent  carbon  accumulation  all 
sorts  of  expedients  are  tried  in  the  various  plants  where  sleeve 
valve  motors  are  manufactured  to  assist  carbon  accumulation.  Mr. 
Charles  T.  Knight  the  inventor  of  this  type  of  motor  writes  as 
follows  regarding  the  formation  and  utility  of  carbon  in  sleeve 
valve  motor  operation  : 

**  Providence  seems  in  the  case  of  the  sleeve  valve  to  deposit  the 
carbon  just  where  it  is  required,  rectifying  any  small  errors  in 
clearances  or  adjustments  or  small  ring  leakages  which  may  have 
crept  into  the  construction.  And  the  user  is  advised  to  be  most 
careful  about  its  removal — not  to  interfere  with  the  deposit  unless 
through  some  extraordinary  conditions  the  character  of  the  ac- 
cumulation partakes  of  the  scale-like  formation  which  upon  severe 
use  of  the  motor  becomes  incandescent,  as  shown  by  its  brown  color 
and  projecting  scale-like  form.  Happily,  such  scale  is  seldom  en- 
countered, and  when  it  may  have  formed  as  a  result  of  the  cause 
described,  the  user  is  advised  to  remove  it,  not  with  the  use  of 
a  sharp-edged  metal  tool,  but  by  employing  a  coarse,  rough  piece 
of  fabric,  which  when  rubbed  heavily  upon  the  surface  to  be 
cleaned,  will  serve  to  carry  away  the  loose  flakes,  which  could 
possibly  cause  self-ignition,  without  exposing  the  polished  surfaces 
of  the  head  and  piston.  A  carbon  deposit  upon  the  cylinder  head 
rarely  takes  the  form  of  scales  because  of  its  perfect  cooling. 

**My  observation  leads  me  to  believe  that  the  tendency  to  car- 
bonize is  growing  with  the  lowering  in  the  grade  of  the  petrol 
supplied  for  fuel  purposes.     In  short,  it  is  my  experiene^,  sm^ 
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ported  by  the  judgment  of  many  others  with  whom  I  am  associate 
that  the  principal  source  of  carbon  deposit  is  the  imperfect  cob 
bustion  experienced  regularly  upon  the  road  with  all  carburetei 
and  engines.  It  is  doubtless  true  that  road  dust  and  lubricatii 
oil  have  a  considerable  influence  in  the  accumulation  of  carbc 
upon  the  surfaces  of  the  explosion  chamber  and  head  of  the  piste 
and  valves  in  an  indirect  manner,  but  the  carbon  itself,  I  am  coi 
vinced,  comes  largely  from  imperfectly  consumed  fuel.  The  lubr 
eating  oil  furnishes  the  moist  element  which  collects  and  holds  th 
gasoline  carbon  from  the  time  of  the  occasional  periods  of  impe; 
feet  combustion  until  it  is  thoroughly  burned  on  by  later  high< 
temperatures  under  full  throttle. 

**  Attention  is  properly  called  to  the  fact  that  the  sleeve  vah 
engine,  while  it  shows  as  great  thickness  of  carbon  deposit  as  tli 
poppet  valve,  does  not  suffer  from  its  presence,  and  makers  of  tk 
latter  are  admonished  to  study  tlie  cause  of  the  poppet  valve 
serious  defect.  It  is  also  asserted  that  the  two-stroke  engine,  a 
well  as  the  sleeve  valve,  is  free  from  the  damaging  effects  of  th 
carbon  deposit,  but  no  explanation  of  this  condition  is  vouchsafed 

**That  the  conclusions  of  tliese  authorities  are  well  based  is  evi 
dent  from  the  fact  that  every  owner  of  a  sleeve  valve  motor  wil 
testify  that  the  power  and  sweet  running  of  his  engine  increase 
with  use,  which  fact  has  caused  a  great  deal  of  speculation. 

''A  limited  carbon  deposit  accomplishes  two  things:  First,  i 
increases  to  a  limited  extent  the  compression  by  reducing  the  com 
pression  space.  Second,  the  coat  of  carbon  acts  as  an  insulato 
and  i)revents  tlie  transmission  of  heat  from  the  piston  top  ani 
cylinder  head,  which  heat,  instead  of  wasting  through  these  wall 
into  the  cooling  water  or  base  chamber,  is  put  to  useful  work.  I 
the  limited  extent  of  this  accumulation  lies  the  secret  of  the  noi 
knocking  of  the  sleeve  valve  motor." 

Timing  8  Cylinder  V  Motors. — Several  cars  of  1915  design  wi 
be  found  to  incorporate  8  cylinder  V  motors  of  the  general  fori 
shown  at  Fig.  159.  These  have  two  blocks  of  four  cylinders  eac 
mounted  on  a  common  craukcase  and  disposed  as  shown  in  order  1 
reduce  the  length  of  the  engine.  While  the  power  plant  shown 
a  French  design,  the  American  engines  of  the  same  type  follow  tl 
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on  indicated  very  closely.  The  best  arrangement  of  the 
is  with  the  center  lines  disposed  at  an  angle  of  45  de- 
Q  the  vertical  center  line  of  the  motor.  This  indicates 
ylinder  center  lines  are  separated  by  an  angle  of  90  de- 
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his  arrangement  makes  it  possible  to  operate  16  valves 
t  cams.  The  method  of  valve  operation  is  clearly  out- 
Pig.  160,  the  view  at  A  being  cnlai^ed  to  show  the  dis- 
if  the  valve  plunger  lifters  or  cam  riders  in  relation  to 
laft.  The  valve  stem  clearance  may  be  regulated  as  dc- 
the  conventional  pattern  of  adjusting  screws.  The  same 
DS  that  apply  to  timing  &  four  cylinder  motot  taa^  \» 
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followed  in  setting  the  valves  of  an  eight  cylinder  form,  tht 
precaution  to  be  observed  ie  that  the  cylinders  will  fire  i 
proper  order. 

Views  at  Fig.  163  show  the  relative  movements  of  the 
for  a  quarter  revolution  of  the  crankshaft.  At  A,  the  cran! 
position  is  such  that  the  cylinders  on  one  side  are  starting  to 
tion  just  as  would  be  the  case  in  a  four  cylinder  motor  wi 


eraukshaft  vertical,  i,  e,,  two  pistons  are  at  the  bottom  of  the  i 
and  two  pistons  are  at  the  top.  Rotating  the  crankshaft  i 
grees  or  %  of  a  revolution  produces  the  condition  outlined 
In  this  none  of  the  pistons  are  at  the  top  of  the  stroke.  Ro 
the  crankshaft  another  45  degrees  gi^eg  us  the  conditions  i 
at  C,  which  is  the  opposite  to  tliat  outlined  at  A.  The  ok 
firing  in  the  Cadillac  motor  which  is  one  of  the  most  popu 
as  follows;  No.  1  cylinder  on  the  left  fires  first;  then  No.  4 
der  on  the  right;  No.  3  left  and  No,  2  right;  theo  No.  6  c 
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X,  No.  7  on  the  left ;  then  No.  8  on  the  right,  and  lastly  No. 
fce  left.    It  is  possible  to  have  the  valves  in  an  eight  cylinde 


1,     nam  TalVH  of   OadilUc,    Eight   OyUodar   V   Euglne,    mn 
OpentUd. 

en  in  quite  a  variety  of  ways  as  consideration  of  the  fol- 
tssible  firing  orders  will  indicate ; 

■OSSIBLE   FIBING  OEDEE8— 8-CYL.   V  TYPE,  W 

1  K— 1  L— 2  R— 2  L-^  B— 4  L— 3  K— 3  L 
1  R— 1  L— 3  B— 2  L— i  R— 4  L— 2  R— 3  L 
1  B— 1  L— 2  E— 3  L — 1  R — f  L— 3  R— 2  L 
1  R— I  L— 3  R~3  L— t  B— 4  L~2  B— 2  L 
1  E— *  L— 2  B— 3  L— 4  R— 1  L— 3  R— 2  L 
1  B— 4  L— 3  B— 3  L— 4  B— 1  1^—2  R— 2  L 
1    B — 1  L— 3  B— 2  L — 1  B— 1   L— 2   R— 3   L 

icktes  right-hand  Woclt.     L  in.licates  left-haiiil  block. 
lerB  numbered  from  troat  to  rear — J,  2,  3,  4. 
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When  one  cam  serves  two  opposite  valves,  there  is  on] 
practical  timing,  the  inlet  must  open  on  top  center  and  cl 
degrees  after  bottom  center;  the  exhaust  valves  must  open 
grees  in  advance  of  bottom  center  and  close  at  top  center.  '. 
King  eight  cylinder  motor,  if  we  call  the  first  cylinder  o 
right  No.  1,  the  second  on  the  right  No.  2,  and  so  on  and  th 
on  the  left  No.  5,  the  next  on  the  left  No.  6  and  so  on,  the 
order  will  be  1,  8,  3,  6,  4,  5,  2,  7,  or  using  the  other  method 
each  cylinder  block  is  numbered  from  No.  1  to  4  we  have  a 
order  as  follows:  IR— 4L— 3Rr— 2Ii— 4R— IL— 2R — 3L,  th 
in  preceding  table. 

How  Silent  Chains  Are  Adjusted.— The  tendency  to  e 
chains  for  driving  the  shafts  for  valve  control  and  for  the  mi 
as  weU  as  for  the  gearbox,  which  originated  in  England  is  f 
some  favor  in  France  and  America.  The  technical  opini 
many  experts  leans  strongly  to  the  idea  that  all  the  adva 
of  silent  chains  can  be  attained  by  using  miter  or  herringb 
even  straight  spur  gears,  if  only  close  attention  is  paid  to  tl 
rect  shaping  of  the  gear  tooth  curves  in  each  case.  As  a  : 
of  complying  with  the  inscrutable  dictates  of  automobile  fi 
some  activity  is  displayed,  however,  among  automobile  ma 
turers  to  get  the  benefit  of  the  experience  with  the  chains 
has  been  gained  in  England.  In  this  respect  the  precautions 
must  be  taken  to  obviate  the  effects  of  that  lengthening  bij 
to  which  all  chains  are  subject,  come  in  the  first  line.  Th< 
constitute  the  most  important  objection  to  the  adoption  of 
First,  a  considerable  initial  stretch  must  be  affected  in  each 
unless  tliis  is  done  in  advance  and  at  some  additional  cost 
chain  maker,  by  running  it  under  load  for  a  short  time  on  a 
machine  established  for  that  purpose,  and  subsequently  tl 
mal  wear  of  the  chain  pins  and  bushings,  after  the  chain  hi 
placed  in  commission  in  a  car,  determines  a  further  lengt) 
much  smaller  in  percentage  than  the  initial  stretch  but  ye^ 
enough  that  it  cannot  be  neglected. 

If  a  chain  is  used  tliat  is  larger  than  is  needed,  as 
Cadillac  eight  cylinder  V  type  engine  shown  at  Fig.  161,  it 
necessary  to  provide  adjusting  means  because  the  chain  m 
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— Metbod    of   Diivlsg   Camshaft   of   CadlUac   Eiglit    CyUnder 
Motor  by  Silent  Chains. 


1  if  it  is  not  stressed  unduly,  tlio  stniin  lii'iii^  vit,v  inueli 
by  using  a  wide  chain  having  a  margin  of  Kiifoty  greater 

iiially  allowed  in  components  of  this  kind.  AVIiere  the 
itjit  1(1  l<;ngtlieti  dne  to  wear  in  tlit'  link  pliites  and  rivets, 

■ovision   must  be  made   for  adjustTrient.     The  pnictiee  of 

iropean  designers  may  be  considered  of  value  in  this  coii- 

e  methods  are  iUuatrated  in  Fig.  ]f)2.     Armstrong,  ^'\u\- 
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worth  &  Co.  (A),  provide  an  eccentric  sleeve  adjustment 
magneto  shaft  giving  a  maximum  of  6  millimeters  lateral  d 
ment.  Gr^oire  (B),  uses  two  eccentric  sleeves,  so  that 
down  movement  of  the  pinion  can  be  avoided,  probably 
view  to  leaving  the  valve  timing  entirely  unaffected. 

Chenard-Walcker  (C),  pushes  the  whole  sprocket  pinic 
ing  as  well  as  the  baseplate  of  the  magneto  outwardly  iu 
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Fig.  162.— How  SUent  Cbatna  may  be  Adjnvted  for  Wear. 

linear  movement  by  means  of  a  drawbolt,  locking  the  adj 
with  aetscrews. 

The  method  used  on  the  King  engines  of  this  form  is 
shown  in  accompanying  front  view  of  the  motor  with  timi 
case  cover  removed.  A  pinion  mounted  on  a  slotted  plat 
is  adjustable  can  be  moved  to  take  out  any  slack  in  the  < 
desired. 

Freoantioiu  in  SeasBembling  Parts.— When  all  of  tb 
tial  components  of  a  power  plant  have  been  carefully  lool 
and  cleaned  and  all  defects  eliminated,  cither  by  adjust 
replacement  of  worn  portions,  the  motor  should  be  reaai 
taking  care  to  have  the  parts  occupy  just  the  same  relati 
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WATER  SPACES 
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Fig.  ISl^Front  Tlew  of  King  Eigbt  OTUnder  Motor.     3 
of  Camsluft  Drive  Obaln  AdjnBtmont 


tioiis  (hi'v  (lid  ln'f(ii-t'  tin"  iiidlni-  \v;is  iliKniiiiitlotl.  As 
«(.Ulf(I  li>  tlic  assfiiililiitrt'  cure  slioiilil  hv  taken  to  iiisi 
liibrii-iit ion  of  iill  mw  iioinix  nl'  lieiirin<;  liy  sipiirtitii! 
t/tifis  of  r'.cliurlpr  oil  Upon  llieni  witli  a  liantl  oil  cai 
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led  for  the  purpose.  In  adjusting  tlie  crankshaft  bearings 
n  them  one  at  a  time  and  revolve  the  shafts  each  time  one 
!  bearing  caps  is  set  up  ta  insure  that  the  newly  atljustcd 
¥  does  not  have  undue  friction.  All  retaining  keys  and 
lUDBt  be  positively  placed  and  it  is  good  practice  to  cover 
i  part  with  lubricant  before  replacing  it  because  it  will  not 


45.— Iioiigltndlsal  Part  Sectional  View  of  King  Eight  Cylinder 
Motor,   Bbowlng  Importftnt  Parts. 

h^f  in  easier  but  the  part  may  I>e  removed  iiiori'  I'naily  it 
■y  at  some  future  time.  If  nut  oib'd,  rust  colli-cts  in-mind  it. 
n  a  jiiece  is  held  by  more  than  one  bolt  or  screw,  es|ii'ciiil]y 
I  cjisting  of  brittle  material  such  as  oust  iron,  the  fasteiiinfi 
)uld  be  tightened  uniformly.  If  one  bolt  is  titrhtcmd  mon- 
•  rest  it  is  liable  to  spring  the  casting  onnusrli  to  br<':ik  it. 
washers,  check  nuts,  split  i>iiis  or  other  Inckiiicr  uii-aiis 
Iways  be  provided,  cspcciaJJ.r  on  parts  which  are  in  iv\irt\t)n 
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or  subjected  to  a  load.  Before  the  cylinders  are  replaced  on  H 
engine  base,  heavy  brown  paper  gaskets  should  be  made  to  place  b 
tween  the  cylinder  base  flange  and  top  portion  of  the  engine  cra| 
case.  The  best  method  of  making  these  gaskets  is  to  tamp  thi 
out  by  placing  the  sheet  of  brown  paper  over  the  mouth  of  ti 
cylinder  and  directing  a  series  of  light  blows  with  a  machiniil 
ball  peen  hammer  against  the  sharp  edges  of  the  casting.  It 
will  cut  the  paper  exactly  to  the  form  of  the  base  flange  and  eyS 
der  bore.  The  holes  in  the  flange  may  be  indicated  in  the  sai 
manner  or  may  be  punched  through  with  a  steel  drift.  The  AM 
process  may  be  used  in  making  irregular  shape  gaskets  of  otij 
materials  such  as  asbestos  or  rubber  packing.  • 

Before  placing  the  cylinder  over  the  piston  it  is  impena 
that  the  slots  in  the  piston  rings  are  spaced  equidistant  and  II 
the  piston  is  copiously  oiled  before  the  cylinder  is  slipped  ovcCJj 
When  reassembling  the  inlet  and  exhaust  manifolds  it  is  well  t( 
only  perfect  packings  or  gaskets  and  to  avoid  the  use  of  thorn 
seem  to  have  hardened  up  or  flattened  out  too  much  in 
it  is  necessary  to  use  new  gaskets  it  is  imperative  to  empl 
at  all  joints  on  a  manifold  because  if  old  and  new  gaskets 
together  the  new  ones  are  apt  to  keep  the  manifold  from 
properly  upon  the  used  ones.  It  is  well  to  coat  the 
bolts  and  screws  subjected  to  heat,  such  as  cylinder  head 
haust  manifold  retaining  bolts  with  a  mixture  of  gra; 
oil.  Those  that  enter  the  water  jacket  should  be  covi 
white  or  red  lead  or  pipe  thread  compound.  Gaskets 
better  if  coated  with  shellac  before  the  manifold  or  01 
are  placed  over  them.  The  shellac  fills  any  irregula 
joint  and  assists  materially  in  preventing  leakage  after  the 
made  up  and  the  coating  has  a  chance  to  set. 

In  replacing  cylinder  head  packings  on  cars  like  the 
is  well  to  run  the  engine  for  a  short  while,  several  minni 
most,  without  any  water  in  the  jacket  in  order  to  heat 
up  thoroughly.    It  will  usually  be  found  possible  to  tighl 
a  little  more  on  all  of  the  cylinder  liead  retaining  bolts 
is  done  because  if  the  gasket  has  been  coated  with  shellae 
plus  material  will  have  burnt  off  and  the  entire  packing 
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down.  Care  should  be  taken  when  using  shellac,  white  or  r 
leaid,  etc.,  not  to  supply  so  much  that  the  surplus  will  run  into  t 
cylinder,  water  jacket  or  gas  passages. 

Loose  Flywheel. — Many  mysterious  knocks,  which  are  oft 
attributed  to  worn  bearings  are  due  to  the  flywheel  being  loose  < 
the  shaft.  In  a  number  of  the  earlier  forms  of  cars  and  in  near 
all  marine  engines  the  flywheels  are  held  to  the  shaft  by  a  simp 
gib  key.  It  often  happens  that  these  keys  become  worn  and  tl 
wheel  is  slightly  loose  on  its  supporting  shaft.  When  the  engine 
revolving  at  liigh  speed  a  pronounced  thump  or  knock  will  be  pr 
duced  because  of  the  hammering  action  of  the  flywheel  upon  tl 
loose  key.  The  proper  remedy  for  such  a  condition  is  to  make 
new  key  that  will  fit  the  keyways  in  flywheel  and  shaft  and  dri^ 
it  tightly  in  place.  In  some  constructions  the  flywheel  is  ii 
stalled  on  a  taper  on  the  crankshaft  and  in  addition  to  the  kc 
it  is  held  in  place  by  clamp  nuts.  These  nuts  sometimes  becon 
loose  and  permit  the  flywheel  to,  back  off  the  taper  enough  1 
produce  noise.  In  practically  all  modern  forms  of  motor  the  fl; 
wheel  is  secured  to  a  flange  forged  integrally  with  the  cranksha 
by  means  of  bolts.  It  may  be  possible  for  the  bolts  to  loosen  whi( 
will  permit  the  flywheel  to  rock  and  to  pound  the  holes  out  ovf 
This  condition  is  easily  remedied  by  reaming  or  drilling  the  woi 
holes  to  the  next  largest  standard  size  and  to  fit  larger  bolts 
correspond. 

Two  Cycle  Motors. — This  form  of  power  plant  has  receivi 
but  limited  application  in  automobiles,  but  the  repairman  may  ha 
occasion  to  investigate  irregular  action  of  some  old  model  c 
using  this  type  of  motor  or  may  be  called  upon  to  repair  a  mari: 
engine  of  this  type.  It  will  be  evident  that  a  worn  cylinder,  pist 
rings  or  piston  will  result  in  the  loss  of  compression  as  in  any  mot 
and  that  loose  connecting  rods  or  main  bearings  will  produce  noi 
operation  just  as  in  the  four-cycle  type.  In  the  two-cycle  mote 
there  are  other  conditions  to  be  looked  for  besides  those  involvi 
normal  depreciation  of  the  mechanism.  There  are  two  chamln 
to  keep  tight  instead  of  one  as  in  the  four-cycle  type.  In  the  tv 
cycle  form  it  is  not  hard  to  maintain  compression  in  the  combust! 
chamber  because  there  are  no  valves  to  leak  and  the  only  chai 
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ng.  16&— End  Sectloiua  View  of  Packard  "Twin  Six"  Kote^  S 
AirangemeDt  of  C^lndraa, 
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for  escape  is  by  worn  piston  rings.  It  is  imperative,  however,  that 
a  certain  amount  of  compression  be  maintained  in  the  crank  case 
of  most  two-cycle  engines  because  the  degree  of  compression  in  the 
erank  case  determines  the  rapidity  of  transfer  of  explosive  gas 
from  the  base  where  it  is  first  received  to  the  combustion  chamber 
where  it  is  exploded.  Because  of  this  the  main  bearings  demand 
more  attention  than  do  those  of  a  four-cycle  engine  because  they 
must  be  fitted  so  well  that  there  is  no  possibility  of  leakage  through 
them.  Similarly  the  packings  between  the  cylinder  and  engine 
base  and  between  the  crank  case  halves  must  be  carefully  main- 
tained. In  examining  the  piston  and  cylinder  care  must  be  taken 
to  remove  any  deposit  of  carbon  from  the  baffle  plate  or  deflector 
which  is  usually  cast  integral  with  the  piston  top,  as  any  sharp 
point  or  corner  would  remain  incandescent  and  would  cause  either 
base  firing  or  premature  ignition.  Base  firing  is  generally  pre- 
vented by  making  the  charge  from  the  crank  case  pass  through 
wire  gauze  in  the  by-pass  passage.  This  prevents  the  flame  igniting 
the  explosive  gas  in  the  engine  base  because  practically  all  of  the 
heat  is  abstracted  from  any  heated  gas  as  it  passes  through  the 
mesh  of  the  screen.  These  screens  sometimes  become  clogged  with 
oil  and  reduce  the  speed  of  gas  flow  and  consequently  diminish  the 
power  output  of  the  motor,  the  remedy  is  a  simple  one  as  it  in- 
volves only  the  removal  of  the  clogged  screens  and  cleansing  them 
thoroughly  in  gasoline  before  replacing. 

The  12  Cylinder  V  Motor. — The  last  word  in  automobile  motor 
construction  is  the  ''Twin  Six"  motor  shown  at  Figs.  167  and 
168.  This  is  very  much  the  same  in  construction  as  the  eight  cylin- 
der forms,  one  marked  difference  being  in  the  angle  between  the 
cylinders  which  is  60  degrees  and  in  the  use  of  crankpins  wide 
enough  so  connecting  rod  big  ends  of  two  opposite  cylinders  may 
be  placed  side  by  side.  Except  for  the  multiplicity  of  parts  which 
involves  slight  structural  changes,  the  same  instructions  given  for 
the  repair  of  the  simpler  four  cylinder  engines  apply  to  similar 
components  of  the  eight  and  twelve  cylinder  power  plants. 
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CHAPTER    IV 

COOLING,    CARBURETTOX    AXD    LUBRICATION    SYSTEM    FAU 

Overheating — Systematic  Location  of  Troubles — Deposits  in  Radiator 
Piping — Cleaning  Sand  from  Water  Jacket — Deterioration  of  Bol 
Hose — Pump  Forms  and  Troubles — Methods  of  Fan  Adjustment — ^Li 
Flat  Fan  Belts — Utility  of  Hose  Clamps — Restoring  Broken  Water '. 
— Radiator  Repairs — Defects  in  Carburetion  Group — Gravity  Feed 
tern — Stewart  Vacuum  Feed — Air  Pressure  Fuel  Feed — ^Air  Pump  * 
atruction — Auxiliarv  Tanks — Exhaust  Gas  Pressure— Faults  in 
buretor  Float  Chamber — Troubles  in  Mixing  Chamber — ^How  to  ' 
Float  Level — Effect  of  Air  Leaks — ^Typical  Carburetor  Adjuatma 
Kingston — Schebler — Browne — Overland  Schebler — Breeze — Strooil 
Holley — Krice — Zenith — ^Rayfield — Speed  Governors — Carburetor  Ib 
lation — Soldering  Metal  Floats — Emergency  Manifold  Repair — (Si 
Oiling  Systems — ^Typical  Engine  Oiling  Method — ^The  Constant  I 
Splash  System — Forms  of  Oil  Pumps — ^Where  to  Look  for  Troobl 
Lubrication  Systems — Cleaning  Sight  Feed  Glass — Curing  SmokiBf 
tor — Practical  Oil  Filter — ^Requirements  of  Lubricating  Oils. 

The  automobile  power  plant  includes  various  auxiliary  qnrt 
which  are  essential  to  motor  action,  and  defects  in  these  groups'' 
materially  influence  the  power  output  and  regularity  of  mm 
of  the  engine.  Those  that  are  usually  grouped  together  Bit 
cooling,  carburetion  and  lubrication  systems,  because  defects  in  i 
one  of  these  may  produce  exactly  the  same  effect  on  power  pi 
operation.  For  instance,  if  the  cooling  system  is  not  funetka 
properly  this  condition  will  be  evidenced  by  overheating.  * 
engine  will  run  hotter  than  it  should  if  lubrication  is  not  sddip 
owing  to  friction  which  produces  heating  just  as  lack  of  pri 
cooling  facilities  will.  If  the  carburetor  supplies  too  rich  mizl 
the  engine  will  show  this  condition  by  running  hotter  than  it  ik| 
normally.  j 

Systematic  Location  of  Troubles. — When  a  motor  overlied 
IS  not  possible  to  discover  immediately  whether  the  trouble  isj 
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to  improper  mixture  proportions,  lack  of  adequate  cooling  or  some 
defective  conditions  in  the  lubrication  systems.  If  the  motor  is 
overheating  because  the  mixture  is  too  rich  this  can  be  determined 
by  studying  the  character  of  the  exhaust  gases.  If  these  have  a 
pungent  odor  which  not  only  assails  the  nostrils  but  which  causes 
the  eyes  to  water  as  well,  and  if  black  smoke  is  issuing  from  the 
muffler  one  may  safely  ascribe  the  overheating  to  a  surplus  of  fuel 
in  the  mixture.  Overheating  is  often  due  to  carbon  deposits  and 
if  these  are  at  fault  they  may  be  removed  as  indicated  in  the  pre- 
ceding chapter.  The  only  way  to  find  out  if  excessive  amounts 
of  carbon  are  present  in  the  combustion  chamber  is  to  remove  a 
^ark  plug  or  valve  chamber  cap,  and  judge  the  amount  of  carbon 
present  by  inspection  of  the  cylinder  head  interior.  After  one 
ascertains  that  the  overheating  is  not  due  to  poor  mixture  or  to 
earbon  deposits,  it  is  necessary  to  inspect  the  various  portions  of 
tbe  water  cooling  system  and  also  the  means  of  lubrication  em- 
ployed. If  an  engine  is  overheating  because  of  lack  of  oil,  it  will 
pound  much  more  than  if  the  abnormal  rise  in  temperature  is  due 
to  failure  of  the  water  to  circulate  properly,  or  to  the  mixture  be- 
ing rich.  Steam  issuing  from  the  radiator  is  considered  a  symptom 
of  defective  cooling  and  is  stated  to  be  an  infallible  indication  by 
some  authorities.  The  writer  does  not  agree  with  this  view,  as  any 
motor  which  is  cooled  properly  when  operating  under  normal  con- 
ditions will  often  cause  the  water  in  the  radiator  to  boil  if  the 
mixture  is  rich  or  if  lubrication  is  poor.  This  does  not  necessarily 
indicate  defects  in  the  cooling  system,  but  merely  shows  that  the 
radiation  is  not  energetic  enough  to  absorb  excessive  or  abnormal 
rise  in  temperature,  due  to  some  cause  other  than  a  defect  in 
cooling. 

The  easiest  thing  to  look  for  when  one's  sense  of  smell  indicates 
that  the  trouble  is  not  too  rich  a  mixture  is  some  defective  condi- 
tion in  the  water  cooling  system.  There  are  two  common  methods 
of  cooling  in  general  use  as  outlined  at  Fig.  169.  That  shown  at 
A  is  the  simplest,  because  the  water  circulates  by  a  natural  prin- 
ciple that  heated  water  will  rise  because  it  is  lighter  than  cool 
water.  The  system  shown  is  used  on  Overland  cars  and  is  the  sim- 
plest possible  method  of  cooling  when  liquids  are  employed  lox  \>Ck»X. 
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purpose.  The  heated  water  rising  from  the  cylinders  AAAj 
through  the  cast  manifold  B,  to  the  top  of  the  radiator  D. 
it  flows  through  the  radiator  and  beeoraes  cool  it  returns 
cylinder  jacket  through  the  water  manifold  attached  to  ■ 
torn  of  the  jacket.  The  flow  of  water  is  indicated  by  th 
black  arrows,  while  the  draught  of  cooling  air  passing  thro 


WATER,  MANirOX-D 
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Fig.  169. — MeUiodj  of  CoollDg  Automobile  EnglnM  OoUlned.    . 
Overland  TlieTmo-8n>lion  STBtem.    B. — ^W»t«r  OllcnUtton  li; 
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liator  is  sliown  by  lighter  arrows.  In  order  to  assure  passaged 
air  currents  through  the  radiator  when  the  car  is  standing  still 
9l  the  engine  running,  a  power-driven  suction  fan  is  placed-  he- 
ld the  radiator  to  draw  the  air  through  the  interstices  between 
I  radiator  tubes.  With  a  simple  thermo-syphon  system  the  only 
ing  that  will  interfere  with  proper  circulation  of  the  water  is 
liinent  in  the  water  jacket  or  manifold,  defective  rubber  hose, 
lerrnption  of  fan  drive,  and  constriction  of  radiator  x)assages. 
I  the  system  of  cooling  shown  at  Figs.  169,  B,  and  170,  a  pump  is 
iwnded  on  to  promote  circulation  of  the  water,  and  in  addition 
fthe  defects  previously  enumerated,  poor  circulation  wull  result 
ffte  water  pump  or  its  driving  means  are  at  fault.    The  complete 

fag  system  of  the  Packard  four  cylinder  car  is  shown  at  Fig. 
with  all  important  parts  clearly  outlined.  It  will  be  noticed 
ilt  whetlier  the  thermo-syphon  or  pump  circulation  system  is  used 
kt  a  cooling  fan  driven  from  the  engine  is  considered  necessary. 
\  OTerland  Model  82  Cooling  System. — The  cooling  system  (Fig. 
P)  of  the  Overland  Model  82  is  pump  actuated.  The  pump  is 
litHi  on  the  left  hand  side  of  the  motor  and  driven  by  the 
jlgneto  shaft,  pumping  the  water  from  the  lower  part  of  the 
Biitor  through  and  around  the  water  areas  of  all  cylinders, 
^jhown  in  illustration,  into  the  top  of  the  radiator.  It  is  cooled 
^its  downward  passage  through  the  radiator  and  recirculated 
rthe  pump.  The  rapidity  of  circulation  of  water  is  governed  by 
k  speed  of  the  motor.  The  cooling  system  is  therefore  positive 
■  absolutely  reliable  in  its  action. 

[The  water  pump  (Fig.  174)  is  lubricated  by  means  of  a  com- 
mon grease  cup.    The  pump  shaft  is  drilled  in  the  center  so 
the  grease  from  the  one  cup  supplies  both  pump  bearings. 
cup  should  be  given  a  turn  or  two  every  four  or  five  hun- 
mUes.      The  pump  is  provided  with   a  drain   cock,   which 
be  opened  about  once  a  week  to  let  all  water  and  accumulated 
run  out.     This  drain  cock  may  be  used  in  conjunction  with 
drain  cock  on  the  water  pump  inlet  elbow  to  drain  the  water 
the  cylinders  when  the  car  is  to  be  stored  in  cold  weather. 
irater  pump  is  packed  with  asbestos  and  heavily  graphited. 
^Jands  are  countersunk,  making  the  packing  conical  in  sYiai^ 
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thus  preventing  leakage  of  water  without  undue  pressuj 
pump  shaft. 

After  a  new  car  has  been  run  a  thousand  miles  the  stt 
nut  on  each  side  of  the  pump  should  be  tightened  a  trifle, 
of  the  water  through  the  radiator  is  aided  by  means  o 
blade  fan  set  on  the  front  end  of  the  motor  and  driven  1 
of  a  "V"  belt  from  the  pump  shaft.     If  the  leather  be 


/ 
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fan  stretches  from  considerable  use,  it  may  be  tightened  b 
ing  the  stud  on  the  fan  bracket  and  raising  the  fan  enou 
move  the  slack  from  the  belt. 

Deposits  in  Badiator  and  Piping. — The  form  of  radii 
generally  used  at  the  present  time  has  a  number  of  ver; 
tortuous  passages  through  which  the  water  must  pass 
from  the  upper  compartment  where  it  is  discharged  afte 
the  motor  cylinders,  to  the  lower  compartment  where  i 
After  being  cooled  and  from  which  it  is  drawn  by  the  ci 
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le  wat«r  used  in  some  localities  for  cooling  contains  much 
ler  in  suspension  or  solution  which  will  form  scale  or 
deposit  in  the  radiator  tubes.  It  does  not  take  much 
fiously  reduce  the  ratio  of  heat  conduction  between  the 
er  inside  of  the  tube  and  the  cooling  air  currents  which 
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ted  about  tlieir  exterior.  As  cylinders  are  generally  of 
a  certain  amount  of  rust  will  be  present  in  the  water 
I  this  also  may  get  into  the  radiator  piping.  If  an  anti- 
lution  using  some  salt  as  a  basis  such  as  calcium-chloride 
d,  after  this  lias  bten  circulated  through  the  radiator 
j;  for  a  time  it  may  deposit  solid  matter  in  the  form 
in  the  piping  or  radiator.  Anti-freezing  solutions  that 
cerine  may  have  a  chciiiical  action  due  to  the  acid  some- 
d  in  the  cheap  commercial  grades  of  glycerine  employed 
rpose.  This  chemical  action  results  in  the  deterioration 
er  jacket  walls,  and  also  contributes  to  the  rust  devwVX.. 
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Cleaning  Sand  from  Water  Jackets. — In  some  cases  ex< 
heating  of  an  engine  has  been  found  to  be  due  to  a  retent 
part  of  the  sand  core  in  the  water  jacket  of  the  cylinder  cj 
This  is  very  apt  to  be  the  case  if  the  casting  is  in  such 
that  the  water  jacket  interior  is  inaccessible.  On  those  ty 
unit  castings  where  a  large  side  plate  is  employed  to  clc 
opening  that  occupies  practically  the  entire  side  of  a  water  ; 
no  difficulty  obtains  in  cleaning  out  all  core  sand,  but  whei 
precaution  is  not  taken  and  the  core  supported  by  prints  of 
size,  there  is  considerable  difficulty  in  clearing  the  casting  in 
cases.  For  those  not  familiar  with  foundry  practice  the 
may  say  that  the  core  is  that  portion  which  is  used  in  the 
to  represent  the  space  between  the  cylinder  wall  and  water  j 
as  it  is  necessary  to  use  some  such  filler  in  the  mold  when  pc 
the  molten  metal  into  the  impression  left  by  the  pattern  to 
the  cylinder.  Cores  are  usually  made  of  fine  sand  held  to| 
by  binding  material,  and  in  some  cases  with  pieces  of  wire  m 
through  as  a  re-enforcement,  the  whole  being  baked  to  fon 
piece  before  it  is  placed  in  the  mold.  A  piece  of  this  con 
become  lodged  in  some  angle  or  comer  and  remain  there 
though  the  greater  portion  of  the  core  is  removed  by  the  foi 
man.  This  may  not  become  loose  until  the  engine  has  bf 
use  for  some  time,  and  then  it  may  be  carried  into  a  pipe  or 
ing  and  partially  or  wholly  interrupt  the  water  circulation, 
piece  of  core  may  dissolve  and  deposit  considerable  sand  i 
water  jacket  which  will  collect  in  some  corner  where  it  may 
circulation.  In  order  to  remove  all  traces  of  sand,  where  m< 
ical  means  are  not  practical,  an  authority  recommends  a  so 
of  hydrofluoric  acid  and  water,  the  proportions  being  aboi 
part  acid  to  ten  of  water.  This  should  be  poured  into  the 
and  allowed  to  stand  over  night,  which  will  loosen  the  sa 
dissolve  it.  The  cylinder  jacket  should  be  thoroughly  drain€ 
all  traces. of  the  acid  removed  by  flushing  thoroughly  wil 
water  under  pressure.  Hydrofluoric  acid  is  the  only  one  ibi 
attack  sand,  and  it  is  well  to  remember  that  it  has  the  same 
on  glass  which  is  usually  indifferent  to  the  action  of  the 
common  acids.     Care  must  be  taken,  therefore,  to  keep  it 
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special  rubber  container,  in  which  it  is  received  from  the  chemica 
supply  house.  While  this  chemical  will  also  attack  the  metal  c 
which  the  cylinder  is  composed,  the  diluted  solution  recommende 
will  have  no  material  effect  in  the  short  time  required  to  thoroughl 
dissolve  the  sand. 

It  is  not  advisable  to  use  the  diluted  acid  in  the  water  spac( 
of  the  radiator,  as  the  brass  or  copper  used  in  this  part  of  th 
cooling  system  is  much  thinner  than  the  material  employed  in  th 
water  jacket,  and  is  also  more  easily  attacked  by  the  acid.  Fo 
deaning  out  the  water  spaces  of  a  radiator  a  solution  of  potas 
or  washing  soda  may  be  used.  This  will  cut  the  rust  and  som 
fonns  of  scale  and  will  dissolve  them  or  loosen  them  sufficientl 
so  the  deposits  may  be  thoroughly  flushed  out  with  water  or  steai 
under  pressure.  The  solution  will  work  more  rapidly  if  it  i 
;  brought  to  the  boiling  point  before  placing  it  in  the  radiatoi 
The  potash  solution  is  also  valuable  in  removing  rust  from  th 
water  jacket  interior. 

Incrustation  is  most  commonly  caused  by  carbonate  of  lim 
which  is  held  in  solution  in  some  water  as  a  bicarbonate ;  therefore 
when  the  water  is  heated  the  carbonic  acid  is  driven  off  and  th 
carbonate  is  precipitated  in  the  form  of  a  muddy  deposit  whicl 
hardens  in  the  presence  of  heat  into  a  nonconducting  scale  in  thos 
portions  of  the  water  jacket  where  the  heat  is  greatest,  and  wliicl 
remains  in  the  form  of  a  powdery  deposit  in  the  radiator  tube 
where  the  heat  is  not  great  enough  to  harden  the  sediment.  Some 
times  the  deposit  is  sulphate  of  lime,  this  also  being  found  in  th 
water  available  in  some  localities.  The  reason  that  water  contain 
so  many  impurities  is  because  it  is  one  of  the  best  known  solvents 
Pure  water  is  never  found  in  nature  and  can  only  be  obtained 
by  a  process  of  distillation.  The  purest  natural  water  is  rain 
and  if  this  is  collected  before  it  touches  the  earth  it  contains  onl; 
such  impurities  as  may  be  derived  from  the  atmosphere,  these  con 
listing  of  gases  in  the  open  country  such  as  nitrogen  and  carboi 
dioxide.  That  falling  over  towns  absorbs  quantities  of  acids  an< 
soluble  salts.  Rain  water  collected  near  the  ocean  contains  chlo 
rine.  The  source  of  water  supply  in  many  communities  is  som< 
^ver  flowing  through  or  within  a  short  distance.    A  larg^  \aT\^^ 
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of  sabstances  may  be  found  in  solution  in  river  water,  the  mai 
dement  being  derived  from  the  rocks  through  which  the  wat( 
of  the  springs  which  have  fed  the  river  has  percolated.  Thei 
again,  river  water  is  often  contaminated  by  the  drainage  of  towr 
or  of  manufacturing  establishments  situated  on  the  banks  of  tl: 
rifcr.  Spring  waters  also  contain  many  salts  and  minerals.  Wat€ 
that  has  been  obtained  from  ponds  is  often  rich  in  vegetable  matte: 
ii  it  is  not  practical  for  the  motorist  to  use  distilled  water  fc 
filling  the  radiator  and  water  jackets,  it  is  apparent  that  th 
water  obtained  from  the  other  sources  will  contain  impurities  i 
Tarious  amounts.  If  the  water  is  very  hard  or  contains  muc 
salt,  it  will  be  well  for  the  motorist  to  save  rain  water  for  use  i 
tbe  cooling  system.  The  best  solvent  to  use  depends  entirely  upo 
the  composition  of  the  water,  and  as  this  varies  in  all  portior 
of  the  world  it  is  not  possible  to  enumerate  the  best  chemicals  fo 
removing  incrustation  or  to  neutralize  the  material  in  solutioi 
The  advice  of  a  local  chemist  should  be  sought  in  matters  c 
this  kind. 

Deterioration  of  Rubber  Hose. — In  order  to  avoid  fracture  o 
the  water  manifolds  from  vibration,  as  would  be  the  case  if  thea 
were  attached  to  the  radiator  by  nonflexible  metallic  connectioni 
it  is  customary  to  interpose  pieces  of  rubber  hose  between  th 
radiator  and  the  manifolds  as  shown  at  Fig.  169,  A,  and  wher 
the  manifolds  are  the  built-up  form,  rubber  hose  often  forms  a: 
important  item  of  the  piping  system  as  shown  at  Fig.  171.  Whil 
it  is  imperative  to  use  the  best  quality  steam  hose  for  this  purpose 
even  this  material  may  depreciate  in  use.  A  certain  amount  of  oi 
and  grease  will  find  its  way  into  the  cooling  system,  usually  froi 
the  grease  cups  used  to  lubricate  the  water  pump  bearings.  Thi 
causes  the  hose  to  rot  inside  as  the  oil  has  a  chemical  action  upo: 
the  rubber.  Strips  of  the  interior  lining  may  become  detacher 
and  may  interfere  with  water  circulation  by  constricting  the  bor 
of  the  hose.  If  anti-freezing  solutions  containing  glycerine  ar 
nsed,  depreciation  of  the  hose  is  inevitable.  The  best  remedy  i 
replacement  of  the  defective  hose  with  new,  as  this  material  is  reh 
tively  inexpensive,  in  fact,  one  may  obtain  special  hose  connection 
for  use  071  all  the  popular  makes  of  earn  from  the  large  awtomoVi 
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supply  houses  or  manufacturers,  these  being  cut  the  proper 
and  not  needing  any  fitting. 

Pump  Forms  and  Troubles. — Iri  the  water  cooling  systems  wla 
employ  a  pump  to  insure  positive  circulation  of  the  water  € 
may  experience  cooling  troubles  if  the  pump  becomes  inopersti 
for  any  reason.  Two  forms  of  circulating  pumps  are  coi 
used.  That  shown  at  Fig.  172  is  a  centrifugal  form  in  which 
water  is  circulated  by  the  rotation  of  a  multi-bladed  impellc 
the  casing,  and  the  design  outlined  at  Fig.  173  is  a  more 
form  in  which  two  gears  are  depended  on  to  keep  the  water 
movement.  In  the  centrifugal  form  the  water  enters  the 
casing  at  the  center,  and  is  thrown  outward  by  the  revolving 
peller  member,  passing  out  of  the  case  through  an  outlet  pipe 
tached  to  the  casing.  In  the  gear  pump  the  water  enters  the 
through  either  of  two  openings,  and  as  it  cannot  pass  directly 
the  inlet  to  the  outlet  on  account  of  the  tight  fit  of  the  gear 
and  of  the  gears  in  the  casing,  the  only  way  it  can  flow  from 
side  of  the  case  to  the  other  is  by  filling  the  tooth  spaces  of 
gears  and  being  carried  around  from  the  intake  to  the 
opening. 

Any  condition  that  would  interfere  with  rotation  of  the  im] 
of  a  centrifugal  pump  or  the  gears  of  a  gear  pump  will  inl 
with  circulation  because  the  water  cannot  flow  by  natural 
when  the  system  is  designed  with  a  view  of  keeping  it  in 
by  the  use  of  a  pump.    It  is  possible  for  the  pump  driving 
to  fail,  and  in  fact  on  many  of  the  early  model  cars  this 
very  common  trouble.    At  the  present  time  water  pumps  are 
by  positive  connections  with  the  camshaft,  and  there  is  but 
opportunity  for  failure  of  the  driving  means.    If  a  pump  hat 
used  for  a  long  time  the  steel  shaft  on  which  the  impeller  is 
may  become  rusted  enough  so  that  it  will  be  weakened  and 
rupture.    Sometimes  the  key  or  pin  holding  the  impeller  in 
on  the  shaft  will  shear  off,  this  being  very  apt  to  happen 
pump  becomes  filled  with  ice,  a  not  uncommon  occurrence  iftj 
tain  sections  of  this  country  during  the  winter  season. 

The  continued  rotation  of  the  impeller  of  a  centrifugal 
or  the  gears  of  the  gear  pump  may  cause  wear  in  the  pump 
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auch  space  betveen  the  impeller  and  the  pump  casing 
y  of  the  pump  will  be  materially  reduced.  The  only 
this  condition  is  to  replace  the  worn  parts  with  new. 
■ifugal  pump  outlined  at  Pig.  172,  which  is  an  accu- 


. — Sectlotua  Vlaw  Showing  ConstnicUoti  of  Oeu  Pomp. 


ntation  of  the  device  used  to  circulate  water  on  Pack- 
d  six  cylinder  cars,  it  will  be  noticed  that  a  filter  screen 
d  between  the  intake  pipe  and  tlie  impeller  chamber. 
o  of  this  screen  is  to  remove  all  sediment  from  the  cool- 
jrith  the  object  ot  preventing  undue  depreciation  W- 
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tween  the  impeller  member  and  the  pump  casing.  In  perf 
thia  function  the  screen  may  become  clogged  up,  and  will  n 
mit  the  water  to  Sow  through  it  as  promptly  as  it  should. 
Edou  is  made  for  removing  the  strainer,  and  this  should  hi 
out  through  the  opening  left  after  the  sediment  plug  is  rt 
and  thoroughly  cleaned  before  it  is  replaced. 

One  of  the  annoying  conditions,  though  not  a  serious  on 
is  noticed  in  a  water  pump  is  leakage  at  various  points. 


Fig,  174.— Sectional  View  Sbowbig  Orerland  Oratilfngal  Ptu 

evident  that  there  wiU  be  an  opportunity  for  water  to 
around  the  driving  shaft  if  the  stuffing  box  is  not  kept  pi 
screwed  up.  The  stuffing  box  is  provided  with  a  flexibk 
packing  which  may  be  compressed  tightly  against  the  sh 
screwing  down  the  stuffing  box  nut  and  which  forms  an  e: 
seal  against  escape  of  water.  The  stuffing  box  packing  ne 
newa)  from  time  to  time  in  order  that  it  may  form  an  effeeti' 
Other  points  where  a  pump  may  leak  are  at  the  packings  b 
the  pump  case  or  body  and  pump  cover.  If  tightening 
taining  screws  or  holts  does  not  stop  the  leaking,  a  new  i 
must  be  made  to  replace  the  defective  one.  Pamp  packii 
asuaSly  of  well  shellacked  cardboard  cut  to  fit  the  pomp 
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contour  and  with  the  screw  holes  punched  through  with  a  be) 
punch.  Sometimes  specially  prepared  rubber  packings  are  use 
for  this  purpose. 

If  the  pump  is  suspected  of  being  defective  the  following  point 

should  be  looked  at  in  order:  First,  the  driving  means  betwee 

the  pump  shaft  and  the  engine ;  second,  the  retaining  means  fo 

driving  the  impeller  of  a  centrifugal  pump  or  the  driven  gear  o 

the  gear  pump ;  third,  the  fit  between  the  gears  or  impeller  an 

the  pump  casing  interior;  fourth,  the  fit  between  the  impelle 

shaft  and  its  bearings;  fifth,  the  condition  of  the  filter  screen  o 

strainer  if  a  member  of  this  nature  is  interposed  between  the  pum 

intake  and  interior.    The  plunger  form  of  pump,  which  is  widel, 

used  in  marine  service  because  it  is  self-priming  and  must  lil 

water,  and  the  eccentric  rotor  forms,  are  seldom  used  on  autc 

mobiles.    Practically  all  pumps  are  either  of  the  centrifugal  pal 

tern  shown  at  Pig.  174  or  of  the  gear  pattern  outlined  at  Fig.  17c 

.  Methods  of  Fan  Belt  Adjustment. — If  the  motor  heats  u] 

when  the  engine  is  running  and  the  car  standing  still,  it  is  necefi 

sary  to  inspect  the  fan  driving  means  to  make  sure  that  this  i 

functioning  properly  and  that  the  fan  is  turning  all  the  time  th 

engine  is  running.    Most  fans  are  flat  belt  driven,  and  are  mounter 

on  some  form  of  bracket  that  will  permit  of  maintaining  the  fai 

driving  belt  at  the  proper  tension  to  insure  positive  rotation  o 

the  fan  blades.     Some  of  the  most  common  adjusting  means  ar 

outlined  at  Fig.  175.    At  A  the  fan  is  mounted  on  an  extensio: 

from  an  eccentrically  mounted  piece  which  may  be  turned  in  th 

clamping  support  to  increase  the  distance  between  fan  pulley  an< 

driving  pulley  centers.    In  addition  to  the  eccentric,  provision  i 

made  for  keeping  the  fan  belt  at  the  proper  degree  of  tension  by 

coil  spring  attached  to  a  lever  fastened  to  the  fan  supportin; 

crank  at  one  end  and  to  the  supporting  bracket  at  the  other,    j 

similar  method  is  shown  at  B,  as  the  fan  shaft  is  carried  at  on 

end  of  a  bell  crank  which  fulcrums  on  a  supporting  member  i; 

such  a  way  that  the  tension  of  the  coil  spring  on  the  long  an 

of  the  bell  crank  keeps  the  fan  belt  tiglit.    At  C  the  fan  support 

ing  standard  is  of  tubular  form  and  may  be  raised  or  lowere< 

in  the  socket  at  its  lower  end.     IVhen  the  proper  degree  ol  ^ 
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Fig.  176.— Metbods  of  Adjuitliig  Fan  B«lt  Tandon  Otttlliwd. 
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itment  is  secured  the  fan  support  may  be  firmly  clamped  in 
ntion.  At  D  the  fan  is  carried  by  a  simple  lever  which  swings 
ttut  a  boss  attached  to  the  cylinder.  In  order  to  alter  the  fan 
It  tension  the  clamp  nuts  may  be  loosened  and  the  lever  swung 
er  until  the  belt  is  properly  tightened.  This  adjustment  is  re- 
med  by  tightening  the  clamp  nut.  Another  application  of  the 
centric  principle  is  shown  at  E,  while  another  form  of  swinging 
ipporting  lever  is  outlined  at  F.  The  method  at  6  is  distinctive 
id  very  accurate  adjustment  of  the  belt  tension  may  be  secured. 
he  fan  hub  rotates  on  one  end  of  a  lever  which  swings  on  a 
inge  formed  integrally  with  the  water  manifold.  Adjustment 
srews  are  provided  at  each  side  of  the  hinge  to  regulate  the 
right  of  the  fan.  To  tighten  the  fan  belt  the  adjustment  screw 
nrest  the  fan  must  be  screwed  down  to  raise  the  fan  supporting 
irer,  while  that  at  the  other  end  must  be  screwed  out  the  same 
Bwnnt  as  the  other  is  screwed  in.  When  the  proper  degree  of 
iDsion  is  obtained  the  adjustment  screws  may  be  locked  with 
dtable  check  nuts. 

Lacing*  Flat  Fan  Belts. — Lacing  a  fan  belt  is  not  a  difficult 
peration,  but  unless  care  is  taken  in  performing  the  work  it  is 
Dt  easy  to  obtain  a  joint  that  will  be  neat  and  enduring.  Certain 
relirainary  precautions  are  necessary,  an  important  point  to  ob- 
Tve  being  to  make  sure  that  the  approximate  edges  of  the  belt 
ft  cut  straight  and  at  right  angles  to  tlie  longitudinal  edges.  The 
oks  should  be  punched  through  with  a  belt  punch,  should  be  no 
■ger  than  absolutely  necessary,  and  should  be  distributed  so  as 
» weaken  the  belt  the  least.  Belts  used  for  driving  cooling  fans 
»  seldom  wide  enough  for  more  than  three  holes.  It  is  not  al- 
IJB  possible  to  obtain  rawhide  belt  lacing  narrow  enough  to  be 
Kd  with  these  narrow  belts,  but  it  is  possible  to  cut  strips  from 
tt  wider  lacings  such  as  can  be  obtained  from  any  machine  shop. 
he  cutting  may  be  done  as  indicated  at  A,  Fig.  176,  it  being 
giortant  that  the  knife  have  a  very  keen  edge.  The  knife  should 
►held  between  the  fingers  and  the  palm  of  the  hand  so  the  thumb 
B  be  employed  as  a  guide  to  maintain  the  strip  to  be  cut  off  of 
lidar  width.  The  lacing  to  be  split  should  be  given  a  preliminary 
t  of  about  two  inches,  then  the  knife  should  be  placed  \v\W\  W^ 
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point  resting  on  a  bench,  the  blade  being  inclined  slightly  tc 
a  good  cutting  angle.  Take  hold  of  the  strip  to  be  cut  off  v 
free  hand,  and  by  pressing  the  thumb  firmly  against  the  i 
the  lacing  and  the  bench  draw  the  strip  carefully  upward, 
the  laces  are  cut,  trim  the  ends  to  a  long,  narrow  point,  s 
may  be  inserted  in  the  holes  punched  in  the  belt. 

In  lacing  a  belt,  first  stick  one  lacing  end  through  one 
center  holes  in  the  belt  from  the  under  side,  which  is  the 


Fig.  176.— Method  of  Lacing  FUt  Fui  Belt. 

that  will  run  nest  to  the  pulleys.  Repeat  with  the  other 
the  belt  lace  and  draw  the  ends  of  the  belt  together,  as 
at  B.  Next  place  one  end  down  through  the  side  hole 
opposite  end  of  tlie  belt  and  bring  it  up  through  the  hole 
same  side  of  the  end  of  the  belt,  as  shown  at  C.  Rep' 
operation  with  the  other  end  on  the  other  side,  aa  show 
The  last  step  is  to  tie  the  ends  of  the  lacing  together  at 
of  the  belt  and  cut  off  the  surplus  material.     The  three  s 
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aide  of  the  belt  will  run  parallel  to  each  other  and  there 
0  bunching  to  interfere  \dth  smooth  running  over  the 
iletal  belt  lacings  are  sometimes  used  for  this  purpose, 

are  not  so  satisfactory  as  the  more  pliable  material, 
the  small  diameter  of  the  fan  pulley.     While  the  flat 

type  most  generally  used,  as  it  is  the  most  serviceable, 

section   belts  are  sometimes  employed,  these  running 
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Fig.  177. — ^HOM  OUmpB  Of  Oood  Doatgn. 

ed  pulleys,  or  V  belts  running  in  28  degrees  straight 
■d  driving  members. 

lamps. — The  problem  of  compressing  the  rubber  hose 
i  tightly  enough  around  tlie  manifold  and  piping  of 
■r  80  they  will  not  permit  water  to  escape  at  the  joint 
to  solve  unless  hose  clamps  of  good  design  are  used  to 
be  hose  in  firm  contact  with  the  pipe.  The  simplest 
■e  clamp  to  have  received  general  application  is  shown 
',  A.    This  is  made  of  a  band  of  sheet  metaV,  B\AmvK& 
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and  bent  to  the  form  shown.  A  clamp  screw  is  used  to  tigh* 
the  clamp  around  the  hose.  While  this  form  is  generally 
it  ^is  sometimes  possible  to  screw  these  up  so  tightly  that  the  oj:> 
ends  will  abut  without  forming  a  tight  joint.  DiflBculty  is  son] 
times  experienced  with  this  form  when  replacing  worn  hose  wit 
new  in  closing  the  ends  enough  to  catch  the  nut  on  the  end  of  tfc 
clamp  screw.  This  calls  for  the  use  of  a  longer  clamp  screw  thai 
that  ordinarily  furnished  with  the  clamp.  Another  disadvantagi 
of  the  form  shown  at  A  is  that  it  will  fit  but  one  size  of  hose. 

The  Morgan  hose  clamp,  which  is  shown  at  B,  has  the  advia* 
tage  of  being  quickly  attached  and  of  being  used  with  several  difc 
ferent  sizes  without  alteration.  As  will  be  noted  by  the  illustration^ 
it  includes  a  fiat  band  and  buttress,  and  a  slot  in  the  latter  permitt 
of  quick  adjustment.  Tlie  band  is  secured  by  a  T  head  bolt  carrj^; 
ing  a  wing  nut,  as  indicated.  The  band  is  proWded  with  sevenlj 
holes  for  the  purpose  of  fitting  different  sized  hose.  The  clampi 
come  in  a  variety  of  sizes  and  one  of  the  good  qualities  of  m 
design  is  that  no  tools  are  necessary  to  adjust  it.  Another  foni 
of  clamp  that  has  the  advantage  of  being  adaptable  to  a  numbet 
of  sizes  of  hose  and  which  also  insures  a  tight  joint  is  shown  at  H 
The  main  portion  of  the  device  is  a  stamped  buttress  which  hH 
a  wire  clamp  fastened  at  one  end,  designed  to  encircle  the  hai^ 
forming  a  guide  in  the  channel  section  for  the  threaded  end  ol 
the  clamping  wire  which  is  guided  by  it  and  which  is  tightenej 
by  means  of  a  winged  nut.  These  clamps  are  much  superior  totkl 
cheap  form  of  wire  hose  clamp  used  in  connection  with  garddj 
hose  which  calls  for  the  use  of  a  special  tool  to  apply  it.  Adjnrfl 
able  clamps  are  necessary  because  it  is  imperative  to  have  wila 
joints  of  such  a  nature  that  they  may  be  readily  broken  wlM 
necessary. 

Bestoring  Broken  Water  Pipe.— In  attempting  to  remofve  i 
water  manifold  made  of  brass  tubing  from  a  motor  cylinder  a  wodi 
man  used  a  large  wrench  in  endeavoring  to  unscrew  a  nut  rutd 
in  place.  The  wrench  slipped  and  bent  the  tubing  in  the  maimi 
indicated  at  Fig.  178,  A.  The  tube  was  thin  and  was  coupled  I 
the  cylinder  by  a  flange  and  nut  coupling,  the  pipe  being  flared  I 
the  end  to  seat  against  a  corresponding  male  member  screwed  ial 
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the  water  jacket,  and  was  held  in  place  by  a  nut.  In  a  casi 
of  this  kind  it  is  cheaper  to  make  a  new  piece  of  pipe  for  the  en< 
than  to  attempt  to  straighten  out  the  damaged  section.  The  firs 
operation  was  to  bend  a  piece  of  tubing  of  the  required  size  to  th< 
proper  contour  to  form  the  end  of  the  manifold.  The  end  o: 
the  tube  was  plugged  with  a  piece  of  wood  driven  tightly  in  place 
the  tube  was  then  filled  with  sand.  After  heating  the  tube  at  th 
point  where  it  was  desired  to  bend  it,  it  was  bent  to  the  requires 
angle  by  inserting  the  end  into  a  hole  bored  in  a  hardwood  bloci 
held  firmly  in  a  substantial  vise  as  indicated  at  B. 

The  next  step  after  the  sand  had  been  removed  was  to  fon 
the  bell  mouth  or  flare  at  the  end.  This  was  accomplished  as  showi 
at  C.  A  piece  of  hardwood  was  shaped  a  gradual  taper  and  drive] 
into  the  tube  to  expand  the  end  slightly.  A  short  piece  of  rouni 
steel  rod  was  bent  and  held  in  the  vise  and  the  tubing  was  can 
fully  flared  out  by  continual  tapping  with  a  hammer  and  keepin 
the  tube  turning  so  hammer  blows  were  distributed  uniforml 
around  the  end.  It  was  necessary  to  anneal  the  end  of  the  tub 
several  times  during  the  process.  When  formed  to  the  prope 
contour  it  was  again  annealed,  and  while  still  hot  was  drawn  int 
its  final  shape  by  fitting  it  to  the  nipple  in  the  cylinder  unde 
the  pressure  produced  by  screwing  the  coupling  nut  down  tigh 
The  concluding  operation  was  cutting  off  the  tubing  to  the  d( 
sired  length  as  it  had  been  left  longer  than  necessary  to  facilitat 
handling. 

In  fitting  the  end  of  the  tube  to  the  manifold  it  was  decide 
that  a  re-enforced  joint  would  be  superior  to  any  other,  and  thj 
a  neat  job  would  be  obtained  if  the  re-enforcement  was  placed  ii 
side  of  the  pipe.  The  end  of  the  tube  and  the  manifold  as  we! 
were  carefully  squared  up  with  a  fine  file  till  they  butted  togethe 
perfectly.  A  piece  of  brass  was  rolled  into  a  tube  about  two  inchc 
long,  the  outside  diameter  being  about  the  same  as  the  interns 
diameter  of  the  tubing.  This  was  carefully  cleaned  and  tinner 
and  the  inside  of  the  tube  was  similarly  treated.  The  parts  wer 
heated  and  the  tube  used  for  re-enforcing  was  placed  inside  o 
the  manifold  and  sweated  into  place.  To  make  sure  that  it  woul 
not  move  two  small  holes  were  drilled  t\vTO\xgJ\  and  pins  drive 
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in  to  prevent  movement  of  parts.  The  short  bent  piece  of  tubing 
was  then  heated  up  and  slipped  over  the  re-enforcement  until  W 
butted  against  the  end  of  the  manifold.  To  insure  that  the  joints 
would  line  up  the  manifold  was  connected  to  the  cylinder,  ther 
the  entire  assembly  was  heated  and  solder  supplied  around  the 
joints  to  insure  that  the  sweating  operation  would  be  successfoL 
When  completed,  the  joint  had  the  appearance  shown  at  D,  this 
being  a  sectional  view  where  the  repair  was  made. 

Badiator  Repairs. — Radiator  repairing  is  an  operation  that  re 
quires  more  skill  than  the  average  motorist  or  repairman  possesses 
unless  the  leakage  is  at  a  point  where  it  may  be  easily  reached 
It  is  not  difficult  to  solder  open  seams  or  cracked  joints  in  th( 
upper  or  lower  radiator  tank  portions,  but  it  is  extremely  difficul 
to  seal  a  leak  in  the  radiator  interior,  especially  if  that  membei 
is  of  the  honeycomb  or  cellular  construction.  When  the  radiator 
are  built,  all  the  joints  are  treated  at  the  same  time  by  a  procea 
of  dip  Soldering,  in  which  the  entire  section  is  coated  with  solderinj 
flux  and  placed  into  a  bath  of  molten  solder  which  penetrates  al 
joints.  In  attempting  to  make  repairs  in  the  interior  of  a  cellula 
radiator  by  using  the  usual  form  of  soldering  copper,  the  inexper 
repairman  is  very  apt  to  start  more  joints  leaking,  unless  the  iroi 
is  very  carefully  handled,  and  in  many  cases  the  radiator  is  wors 
than  it  was  before. 

A  number  of  compounds  is  offered  for  placing  in  the  radiato 
to  seal  leaks.  These  are  usually  of  a  glutinous  nature  and  solubl 
in  hot  water,  the  theory  being  that  the  solution  will  solidify  o\ 
striking  tlie  air  and  seal  the  crank.  Compounds  of  this  natur 
sliould  never  be  used  in  a  radiator  that  can  be  repaired  by  any  othe 
means,  and  are  a  desperate  last  resort  that  the  owner  or  repairmai 
has  recourse  to  in  making  temporary  repairs. 

If  the  leak  is  not  a  bad  one,  and  is  at  a  point  where  it  cai 
be  reached  witliout  trouble,  it  may  be  sealed  as  shown  at  Fig.  17£ 
The  first  step  is  to  empty  all  water  out  of  the  radiator  ind  remov 
that  member  from  the  frame  so  it  may  be  tilted  as  desired  to  insur 
that  the  solder  will  penetrate  to  all  points  of  the  ]^aky  joint] 
The  first  operation  is  to  clean  the  metal  adjacent  to  tne  leak  can 
fu}}j^  ivith  a  very  fine  file  or  scraper,  as  shown  at  A.     After  th 
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Qg  flux  has  been  applied  to  all  points  where  it  is  intended  to 
older  a  very  small  soldering  copper  is  used  to  melt  enough 
:rom  a  piece  of  wire  solder  to  fill  the  opening.    This  is  shown 

T)ie  reason  the  small  soldering  copper  is  recommended  is 
e  the  large  one  holds  so  much  heat  that  other  joints  may 
led  before  the  leaky  one  is  properly  sealed.    The  soldering 

used  should  have  a  fine  point  so  it  can  penetrate  into  the 
r  of  the  tube  to  some  extent,  if  necessary.  The  final  oper- 
ndicated  at  C  is  to  remove  the  surplus  metal  from  the  sides 

tube  with  a  fine  file. 

the  leak  is  some  way  inside  of  the  tube  where  it  cannot  be 
d  handily,  it  is  possible  to  fill  that  tube  up  with  some  quick 
r  iron  cement  and  prevent  the  leak.  This  cannot  be  done 
ften,  as  if  a  number  of  the  tubes  are  blocked  up  in  this  way, 
?ery  probable  in  repairing  an  old  radiator,  the  available 
f  surface  will  be  greatly  reduced,  as  tliere  will  be  no  oppor- 

for  the  air  currents  to  pass  through  the  sealed  opening. 
ifest  plan  is  to  return  the  radiator  to  the  manufacturer  for 
I,  as  few  repair  shops  have  the  skilled  workmen  or  facilities 
ing  work  of  this  kind. 

fects  in  Carburetion  Oroup. — Troubles  in  the  carburetor 
lel  supply  system  are  usually  indicated  by  overheating  of  the 
'  if  the  mixture  is  too  rich  by  misfiring  or  irregular  opera- 
:  the  fuel  is  not  supplied  in  proper  quantities  or  by  loss  of 
,  even  though  the  engine  may  be  running  regularly.    There 

number  of  points  in  the  fuel  system  where  defects  may 
ialize  besides  the  carburetor.  In  fact,  the  construction  of 
nixing  devices  has  been  refined  to  such  a  point  at  the  present 
hat  \ery  little  trouble  is  apt  to  exist  in  tlie  carburetor.  In 
to  understand  the  conditions  making  for  i)oor  carburetion 
ist  first  study  the  carburetion  system  as  a  whole  to  see  of 
units  this  is  composed,  then  the  d(?fects  ai)t  to  materialize 

dififerent  devices  must  be  enumerated. 

tracing  carburetion  troubles  the  first  tiling  to  do  is  to  see 

kere  is  an  adequate  supply  of  fuel  in  the  tank,  next  to  make 

bat  it  reaches  the  carburetor.    If  the  carburetor  is  provided 

I  drain  cock  this  may  be  opened  up,  a/id  after  the  opeiun^ 
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is  cleaned  out  with  a  piece  of  wire  the  gasoline  should  nm 
in  a  stream  the  full  size  of  the  drain  cock  nozzle  bore, 
liquid  escapes  from  the  drain,  the  fuel  pipe  should  be 
nected  from  the  carburetor,  taking  care  to  shut  oflf  the  fuel 
at  the  tank  before  this  is  done,  and  after  the  coupling  is 
the  gasoline  should  be  turned  on  again  to  make  sure  that 
fuel  feed  pipe  is  clear.     If  a  good  stream  of  gasoline  runs 
of  the  feed  pipe  one  may  assume  that  the  trouble  is  at  the 
buretor.    If  no  liquid  issues  from  the  end  of  the  feed  pipe, 
it  drips  very  slowly,  it  is  reasonable  to  assume  that  the 
pipe  is  clogged  and  this  must  be  removed  and  cleaned  out 
by  running  a  fine  but  stiff  wire  through  the  bore  or  by  bloi 
the  pipes  thoroughly  with  compressed  air.     The  trouble 
due  to  clogging  of  the  strainer  or  filter  in  the  fuel  pipe 
well  as  constriction  of  the  pipe  bore. 

Fuel  Supply  Methods,  Gravity  Feed. — The  simplest  of  all-| 
supply  methods  is  that  in  which  the  gasoline  fiows  to  the  carbi 
by  virtue  of  its  weight  or  gravity.    Such  a  system  is  clearly 
at  Fig.  180,  which  represents  the  method  of  fuel  supply 
Ford  automobiles.    It  is  necessary  that  the  tank  or  fuel 
be  carried  higher  than  the  carburetor,  and  that  it  be  pi 
such  relation  to  that  member  that  even  though  the  tank  is 
empty  and  the  car  climbing  a  steep  hill,  the  gasoline  will  stilLj 
to  the  carburetor.    The  fuel  is  carried  in  a  cylindrical  tank 
under  the  front  seat  in  tliis  case,  and  is  joined  to  the 
by  a  length  of  flexible  copper  tubing.    A  sediment  bulb  is 
at  the  bottom  of  the  tank,  this  having  a  shut-off  valve  to  ii 
the  flow  from  the  tank  when  desired  and  a  sediment  drain 
at  the  bottom  through  which  foreign  matter  can  be  di 
from  the  bulb  where  it  collects.     Water  or  grit  is  heavier^ 
the  gasoline  and  will  naturally  settle  at  the  bottom  of  thft: 
and  as  the  fuel  pipe  is  attached  at  the  top  of  the  bulb,  one 
apt  to  have  water  or  other  foreign  matter  enter  the 
float  chamber.     As  an  added  precaution,  a  gauze  filter  is 
at  the  outlet  to  arrest  any  light  particles,  such  as  lint,  whidl^ 
be  floating  in  the  gasoline  and  which  would  not  settle  to 
torn.    The  flow  from  the  tank  to  the  carburetor  float 
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the  intemat  eonstructioD  of  the  carburetor  itself  is  so  clear! 
shown  that  further  description  is  unnecessary. 

Sometimes  when  the  tank  is  placed  under  the  seat  and  it  : 
not  possible  to  place  tlie  carburetor  low  enough  to  insure  postii 
feed  at  all  times,  the  tank  is  arranged  so  that  air  pressure  wi 
be  pumped  in  to  displace  the  liquid.  A  system  of  this  natni 
is  shown  at  Fig.  181,  though  the  pressure  piping  is  not  indicatec 
It  will  be  noticed  that  the  bottom  of  the  carburetor  and  the  bottoi 
of  the  fuel  container  are  about  on  a  line  when  the  frame  is  leve 
If  the  car  is  ascending  a  gradient  the  carburetor  will  be  highe 


Fig.  181. — ^Fa«l  Syatem  Id  wtalcb  GasoUnfl  Tank  IB  canrlod  UDd«t  Fron 


than  the  tank  and  pressure  will  be  necessary  to  force  the  liqu 
through  the  pipe  lines.  Many  of  the  1915  cars  have  a  gasoli 
tank  in  the  cowl  at  the  front,  just  back  of  the  dashboard.  Wh' 
this  tank  location  Is  used  it  is  possible  to  employ  the  gravity  fe 
system  without  placing  the  carburetor  very  low. 

Stewart  Vacuum  Feed  and  Air  Preaanre  Systeins. — Cars  he 
ing  power  plants  of  large  capacity  or  those  designed  for  tourii 
usually  carry  more  fiiol  than  can  be  conveniently  stored  in  a  co 
tauk  or  a  container  of  such  size  to  be  placed  under  the  low  sei 
now  used.  There  are  two  methods  of  causing  the  gasoline 
flow  from  a  tank  when  that  member  is  placed  below  the  level 
the  carburetor.  One  of  these,  which  is  shown  at  Fig.  182,  A,  ; 
volves  the  use  of  an  auxiliary  tank  placed  on  the  dash  bigl 
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f  than  the  carburetor,  which  holds  a  relatively  small  quantity  oi 
gasoline  and  which  is  supplied  from  the  main  fuel  tank  eithei 
by  suction  feed  as  at  A,  or  by  air  displacement  as  at  B.  Th( 
iiystem  outlined  at  the  top  of  the  illustration  has  only  been  re- 
cently placed  on  the  market,  but  is  used  on  many  of  the  latest  cars 
It  is  known  as  the  Stewart  vacuum  gasoline  feeding  system  and 
cdls  for  the  use  of  a  special  form  of  auxiliary  tank  which  is  showi 
in  section  at  A,  Fig.  184. 

There  are  some  disadvantages  to  the  pressure  feed  system  shown 
at  Fig.  182,  B,  where  the  pressure  in  the  tank  is  maintained  tc 
a  certain  point  by  a  power  air  pump.  If  the  pressure  rises  toe 
high,  on  account  of  the  safety  valve  sticking,  for  instance,  the 
excess  pressure  is  apt  to  cause  the  carburetor  to  flood,  and  even 
if  the  carburetor  does  not  overflow,  the  high  pressure  often  results 
in  excessive  consumption  of  gasoline.  Then,  again,  it  is  important 
that  there  be  sufficient  pressure  all  the  time  to  insure  a  constant 
npply  of  gasoline.  If  a  leak  starts  or  the  garage  man  neglects 
to  screw  the  tank  filler  cover  down  tiglitly  after  replenishing  the 
lupply,  it  may  be  impossible  to  get  gasoline  to  the  carburetor. 
In  addition  to  a  power  driven  pressure  pump  or  exhaust  pressure 
relator,  it  is  necessary  to  provide  a  hand  pump  for  raising  the 
pressnre  after  the  car  has  been  standing  for  some  time  and  the 
tank  pressure  is  reduced  to  such  a  point  that  it  will  not  force 
the  fuel  to  the  carburetor. 

The  best  pressure  system  is  that  in  which  an  auxiliary  tank 

used  on  the  dash,  a  float  controlled  valve  similar  to  that  in  the 

[retor  regulating  the  supply  so  that  this  tank  always  has  a 

!onn  amount  of  fuel  therein  which  is  not  subject  to  pressure. 

An  idea  of  the  complete  piping  of  pressure  systems  in  which 

gasoline  is  fed  directly  from  the  tank  to  the  carburetor  instead 

to  an  auxiliary  tank  is  shown  at  Fig.  182,  B,  as  applied  to  a 

ig  car  while  the  parts  of  a  pressure  system  used  on  a  roadster 

1  in  which  the  tanks  are  carried  back  of  tlie  front  seat  is 

at  Fig.  183.    It  will  be  apparent  tliat  a  pressure  pipe  runs 

the  top  of  the  gasoline  tank  and  timt  tliis  is  joined  to  a  motor 

pomp  as  well  as  to  a  hand  operated  plunger  pump.     An 

preasnre  gauge  is  included  in  the  system  in  order  to  md\e^\^ 
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if  tie  proper  amount  of  air  pressure  is  available  at  the  tank. 
ftm  the  tank  the  fuel  passes  through  the  usual  form  of  pipe  line, 
I  teparator  or  filter  being  interposed  between  the  globe  cut-oflE 
wire  and  the  carburetor.  In  the  system  outlined  pressure  is  also 
Btffized  to  feed  the  oil  from  an  oil  reservoir  to  the  engine  crankcase 
lien  the  proper  valve  is  opened.  Ball  check  valves  are  placed 
ft  the  top  of  the  fuel  tank  in  most  cases  to  retain  the  pressure,  and, 
dmously,  failure  of  this  valve  to  seat  or  a  leak  either  at  the 
-filer  cap  or  in  the  pipe  line  will  result  in  enough  pressure  loss 
M  the  fuel  feed  will  be  erratic.  In  event  of  trouble  with  the 
wl  feed  one  should  examine  the  check  valves  in  the  powder  pump, 
tte  three-way  cocks  below  the  hand  pump  must  be  inspected,  the 
|rasure  line  should  be  examined  at  all  joints  to  make  sure  that 
jftese  are  tight  and  pipes  should  be  looked  over  along  the  entire 
kength  for  open  seams.  The  filler  cap  should  also  be  looked  at 
b  see  that  it  is  tightly  screwed  down,  and  that  it  seats  against 
|i  suitable  gasket. 

f  The  construction  of  the  mechanism  of  the  Stewart-Warner 
ttmnm  system,  which  is  contained  in  a  tank  as  at  A,  Fig.  184,  is 
hot  difficult  to  understand.  The  container  is  divided  into  two 
minbers,  the  upper  one  being  the  compartment  in  which  the 
■inline  from  the  tank  is  first  received,  while  the  lower  one  is 


idled  the  emptying  chamber  and  supplies  the  carburetor.     This 

iber  is  under  atmospheric  pressure  at  all  times,  and  the  fuel 

from  it  by  gravity  only.    Atmospheric  pressure  is  maintained 

&  suitable  vent  f)ipe  as  indicated.     The  upper  portion  of  the 

or  filling  chamber  is  connected  to  the  fuel  tank  by  one 

and  to  the  intake  manifold  by  another.    In  order  that  fuel 

be  sucked  from  the  main  tank  to  the  upper  chamber,  the 

ion  valve  must  be  opened  and  the  atmospheric  valve  closed 

which  ease  the  float  is  at  the  bottom  of  its  travel.     AMien  the 

>r  runs  the  suction  of  the  piston  draws  gasoline   from  the 

tank  and  supplies  it  to  the  upper  chamber.     When  this  is 

to  the  proper  height  the  float  rises  to  the  top ;  by  so  doing  it 

the  suction  valve  and  opens  the  atmospheric  valve.     The 

thus  being  interrupted,  the  lower  chamber  is  filled  by 

miy  as  both  chambers  are  now  open  to  the  air. 
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18L — ^Two  Hfltbodj  of  Fordng  Fuel  fiom  a  Tuik  at  the  Beu  of 
Ike  Ctuuvis.  A. — Sectioiul  Vltnr  Sbowlng  Zuterlor  Ootutrnctioii  of 
iMwart  Vacanin  Tuik.  B. — Sectional  View  of  Typical  Uotor  DrlTen 
Air  CompiOMOT. 


flap  valve  is  placed  at  ttie  lower  portion  of  the  discharge 
leading  from  the  upper  to  the  lower  chamber  to  prevent  the 
ine  in  the  lower  portion  being  sucked  back  into  the  upper 

It  takeB  about  two  Kconds  tor  the  chamber  to  become  toSV 
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enough  of  liqiikl  to  raise  t)ie  float,  the  amount  transfcrr 
.Oo  gallon.  The  atmospheric  ami  suction  valves  are  aeti 
levei-s  which  are  interlocked  and  contrnlleil  by  suitahle  ni> 
connections  with  tlic  float.  Tivo  coil  springs  an'  used  so 
eanniit  asanme  an  inti-rinediate  position;  it  mnst  lie  eilln 
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down.  The  onl.v  thin?  tliat  eiin  happen  that  will  pcnnit  tlu 
to  become  so  low  tliat  it  will  ni»t  draw  gasoline  from 
tank  is  when  the  pressure  is  Ik'Iow  four  ounces,  it  being  i 
this  condition  can  exist  only  when  tlie  motor  is  runnii 
600  R.  P.  yi.  with  fully  opened  throttle.  If  the  car  is 
to  stand  long  enough  so  the  lower  tank  becomes  emp 
elaiaied  that  a  full  supply  will  he  obtained  after  the  it 
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been  cranked  over  four  or  five  times  with  the  throttle  closed 
This  system  can  be  installed  on  any  car  and  can  be  placed  in  t 
very  short  time  without  the  use  of  any  special  tools.  The  suctior 
pipe  is  tapped  into  the  inlet  manifold  at  a  point  as  near  to  th^ 
cylinder  as  possible  while  the  fuel  pipe  is  attached  to  a  member  thai 
runs  to  the  bottom  of  the  gasoline  tank.  A  screen  is  provided  a1 
the  end  of  the  fuel  pipe  to  eliminate  troubles  due  to  sediment 
Since  the  fuel  is  sucked  from  the  gasoline  tank  the  filler  cap  neec 
not  be  airtight;  on  the  contrary,  it  should  be  provided  with  t 
small  vent  so  the  fuel  tank  will  be  at  atmospheric  pressure.  Whih 
the  usual  method  of  installation  is  as  outlined  at  A,  Fig.  182 
where  the  device  is  placed  on  the  dashboard,  some  makers  mouni 
it  as  indicated  at  Fig.  185.  In  this  case  it  is  attached  to  the  inlei 
nanifoldy  which  means  that  short  suction  and  fuel  supply  pipes 
to  the  carburetor  can  be  used. 

Air  Pmop  OoliBtniction. — ^Where  the  fuel  is  lifted  from  th< 
main  container  by  air  pressure,  this  is  obtained  by  means  of  { 
phinger  pump  in  most  cases,  though  sometimes  a  portion  of  the 
exhaust  gas  is  by-passed  from  the  exhaust  manifold  to  the  tanl 
tlmragh  a  special  form  of  pressure  reducing  valve.  The  construe 
tkm  of  a  typical  air  pump  that  may  be  used  for  furnishing  aii 
pressare,  and  that  is  adapted  for  placing  at  any  convenient  pan 
of  the  power  plant,  is  shown  at  Fig.  184,  B.  In  essentials  it  is  noi 
Tmlike  a  small  gasoline  engine.  A  piston  having  two  packing  ringf 
Rdprocates  in  the  cylinder  which  is  provided  with  radiating  flangej 
to  nasist  in  cooling.  A  connecting  rod  joins  the  piston  to  a  cranl 
pm  in  the  conventional  manner.  The  pump  cylinder  head  it 
pionded  with  two  valves,  one  which  opens  in  when  the  pistor 
foes  down  to  admit  a  charge  of  air  and  which  closes  as  soon  as  th( 
ur  pressure  inside  of  the  cylinder  is  equal  to  that  of  the  atmos 
pkere  and  is  termed  the  inlet  valve.  This  is  carried  in  a  readil> 
Rmovable  cage  which  screws  into  the  cylinder  head.  The  otliei 
''live,  which  is  called  the  outlet  check,  has  an  opposite  taper  tc 
[tfcit  of  the  inlet  valve,  and  as  a  result  tends  to  seat  tighter  on  the 
ion  stroke  of  pump.  On  the  compression  stroke,  however,  wher 
air  pressure  is  suflSciently  high  to  overcome  the  spring  rQ^\«l 
ee  this  valve  will  open  and  permit  the  air  to  flow  to  l\\e  iw 
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tank.  The  troubles  with  a  pump  of  this  kind  outside  of  those 
natural  wear  of  the  piston,  rings  and  cylinder  wall,  are  my. 
valve  faults.  If  the  inlet  valve  does  not  seat  tightly,  a  i 
of  the  compressed  air  will  escape  back  through  that  menb 
the  inlet  valve 
and  does  not  op 
cylinder  will  r 
ceive  enough  ai 
the  exhaust  chc< 
not  seat  positivi 
pump  will  not  p 
any  p  r  e  s  s  u  r 
trouble  may  be 
enced  due  to  1 
from  the  fuel  ti 
in  some  cas 
pump  outlet  cl 
supposed  to  ret) 
air  pressure  i 
main  container. 
Auxiliary  tai 
used  with  the  p 
feed  system,  wl 
is  desired  to  eli 
the  danger  o( 
carburet  ton  due 
ceaaive  fuel  fe 
suiting  from  to( 
pressure  in  th< 
The  internal  eo 
tion  of  a  typic; 
iliary  tank  is 
at  Fig.  186.  A 
valve  admits  the  gasoline  according  to  the  position  of  th 
When  this  auxiliary  tank  is  empty  the  float  falls  and  rai 
needle  valve  from  its  seat.  This  permits  fuel  to  flow  into  ti 
Avm  the  fad  line.    Aa  soon  aa  the  proper  level  is  reset 


Fig.  186.— Ssctloiua  View  of  SmaU  AnxUiuy 
T&ak  PUced  on  Daab  and  Samattmes 
Used    witb    OasoLUw    PiMnm    Feed 
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es  and  seats  the  needle  valve.  An  auxiliary  tank  of  this 
is  subjected  to  the  same  troubles  as  the  float  bowl  of  a 
or  is,  for  the  most  part,  these  are  flooding  due  to  improper 
of  the  oeedle  valve,  or  the  float  becoming  eoq.'gj  or  fuel 
and  troubles  apt  to  result  from  deposit  of  sediment  that 
?rfere  with  proper  fuel  flow.  This  auxiliary  tank  is  in 
•mmanieation  with  the  float  chamber  of  the  carbureter.  The 
m  tbe  small  tank  is  by  gravity  as  in  the  Stewart  system. 


GA50UNE  PRESSURE  PUMP 


'. — Air  Pump  tor  Frodnclug  Fuel  Flow  on  Jeffaiy  Font  Oylloder 


ther  form  of  gasoline  tank  pressure  pump  of  simple  design 
the  JefFery  automobiles  is  sliown  at  Fig.  187,  This  is  lo- 
1  tbe  side  of  the  craok  case  and  is  intended  to  be  worked 
of  the  valve  lifting  cams.  The  plunger  is  kept  pressed 
the  cam  by  a  coil  spring.  When  in  the  position  shown  an 
t  in  the  pump  cylinder  communicates  with  the  interior  by 
if  an  annulus  machined  around  the  pump  plunger  and  a 
drilled  in  the  plunger  to  communicate  with  the  annulus, 
lie  pump  plunger  reaches  the  other  end  of  its  stroke,  which 
mined  by  the  height  of  the  cam  profile,  commumcotioia.  Sr 
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made  from  the  cylinder  interior  by  the  annulus  which  now  registoqi 
with  a  discharge  check  of  the  ball  form  through  which  the  pressoM 
is  delivered  to  the  fuel  container.  It  will  be  noticed  that  the  punl 
plunger  is  provided  with  a  number  of  grooves  which  are  intendei 
to  act  as  packing  members  when  filled  with  lubricating  oil.  TheM 
grooves  also  tend  to  reduce  wear  between  the  plunger  and  watt 
by  insuring  positive  lubricity. 

Exhaust  Gkks  Pressure  Regulator. — While  the  designs  of  regfji 
lating  valves  for  application  to  the  exhaust  manifold  vary,  tUl 
shown  at  Fig.  188  may  be  considered  a  good  example  of  com 
tional  construction.  The  pressure  of  the  exhaust  gas  when  it  if 
from  the  cylinder  is  too  great  to  permit  it  to  be  passed  dii 
to  the  fuel  tank.  Besides,  it  has  considerable  heat  and  must 
cooled  to  avoid  danger  of  fire.  The  exhaust  gas  enters  throu^ 
suitable  inlet  in  the  body  of  the  device  which  is  bolted  to  the 
fold  by  a  retaining  flange,  before  passing  by  the  check  valve 
must  first  flow  through  an  exhaust  gas  filter  screen  which  not 
is  intended  to  reduce  the  temperature  of  the  gas  but  also  to 
vent  particles  of  carbon  or  oil  passing  from  the  body  casting 
the  check  valve  portion.  The  exhaust  gas  pressure  is  reduced 
allowing  a  certain  portion  of  it  to  escape  to  the  outer  air 
the  excess  pressure  release  valve  which  is  kept  seated  by  a 
spring.  The  pressure  of  this  spring  may  be  altered  as  desired 
screwing  the  pressure  regulating  screw  in  or  out.  If  the  screw 
turned  down  the  spring  is  compressed  and  the  gas  pressure  in 
fuel  tank  will  be  increased  because  not  so  much  of  the  gas 
by-pass  to  the  air.  If  the  spring  pressure  is  lessened,  the  tank 
sure  becomes  less  in  proportion.  The  check  valve  is  to  keep 
pressure  in  the  tank  from  flowing  back  into  the  exhaust  manij 

When  a  device  of  this  nature  fails  to  function  properly 
may  assume  that  the  trouble  is  due  to  a  clogged  exhaust  gas 
screen  which  does  not  permit  the  gas  to  pass  through  it,  if 
trouble  is  not  due  to  poor  seating  of  the  excess  pressure 
valve  or  check  valve.    A  certain  portion  of  oil  will  pass 
with  the  gas  despite  the  filter  screen  and  this  may  coagulate 
the  valve  seats,  either  keeping  them  from  seating  properly 
Allowing  leakage  or  by  retarding  their  action  due  to  the 


Exhaust  Gas  'Preaaure  Regulator 


PRESSURE  REGUUTING  SCREW 


EXHAUST  GAS  FILTER  SCREEN 
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material  or  gum  between  the  valve  and  seating.    The  first  thing 
to  look  at  is  the  condition  of  the  exhaust  gas  filter  screen.    This 
may  be  readily  removed  by  unscrewing  a  cap  and  lifting  out  the 
screen  retaining  spring.    The  drain  plug  is  then  removed  from  the 
bottom  of  the  body  casting  and  all  the  sediment  washed  out  with 
gasoline.     The  check  valve  and  relief  valve  must  also  be  cleaned 
out  and,  if  necessary,  reground  to  a  proper  seating.    If  the  car- 
buretor float  chamber  overflows,  due  to  excess  pressure  in  the  fuel 
tank,  the  pressure  regulating  screw  should  be  turned  back  or  out 
in  order  that  the  release  valve  will  allow  more  gas  to  escape  to  the 
air,  this  having  the  effect  of  reducing  the  tank  pressure.     If  the 
tank  pressure  is  too  low,  the  pressure  regulating  screw  should  be 
turned  down  to  tighten  the  spring. 

Carburetor  Troubles' — There  are  two  parts  to  the  usual  float 
feed  carburetor  and  either  of  these  is  apt  to  cause  trouble.  In 
the  float  chamber  any  defective  condition  that  will  prevent  the 
float  control  valve  from  seating  properly  will  result  in  flooding 
which  will  be  evidenced  by  a  rich  mixture.  If  the  passage  the 
valve  controls  becomes  clogged  up  then  there  will  not  be  sufiicient 
liquid  in  the  float  chamber  and  the  engine  will  misflre  on  account 
of  the  deficiency  in  the  fuel  supply.  If  the  float  needle  valve  is 
adjusted  in  such  a  way  that  it  will  close  too  soon  the  mixture  will 
be  deprived  of  gasoline  on  account  of  the  level  being  too  low  in 
the  float  chamber.  About  the  only  trouble  that  can  materialize  in 
a  mixing  chamber  is  clogging  of  the  spray  nozzle  with  dirt  or  water 
and  failure  of  the  auxiliary  air  valve  to  open  properly.  If  the 
spray  nozzle  is  constricted,  not  enough  gasoline  will  enter  the  mix- 
ture. If  the  auxiliary  air  valve  opens  too  much  an  excessive 
amount  of  air  will  be  admitted  in  proportion  to  the  gasoline, 
whereas  if  the  valve  does  not  open  enough  the  mixture  will  be  rich. 

How  to  Test  Fuel  Level. — After  a  carburetor  has  been  in  use 
for  some  time,  wear  may  exist  at  the  point  of  the  needle  valve  oi 
at  the  needle  valve  seat,  or  there  may  be  some  depreciation  in  the 
fulcrum  joint  of  the  lever  connecting  the  float  with  the  needle 
valve.  A  good  way  of  testing  the  float  level  is  shown  at  Pig.  189,  A, 
The  float  chamber  of  the  vaporizer  is  held  in  a  vise  and  gasoliiM 
js  allowed  to  flow  from  a  small  can  which  is  joined  to  the  fuel  inlel 
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i  of  rubber  tubing.  The  gasoline  will  flow  from  this 
)at  bowl  and  raise  the  float  as  the  chamber  fills.  The 
isoline  should  be  just  a  little  below  the  top  of  the 
the  mixing  chamber.  If  the  level  is  too  high,  this 
ced  by  a  liquid  overflowing  at  the  standpipe,  if  it 


Ining  Method  of  Testing  Carburetor  Float  Level,  Clearing 
Ml  Fuel  Inlet  and  Showing  Proper  Way  of  Connecting 
Ipes. 


\  condition  may  be  easily  ascertained  by  inspecting 
liquid  in  the  jet.  If  one  suspects  that  the  jet  is 
t  the  gasoline  feed  connection  on  tlie  float  bowl  is 
dirt  it  is  a  simple  matter  to  clean  the  passages  out 
ipressed  air  hose  as  shown  at  Fig.  189,  C. 
nozzle  of  most  carburetora  may  be  unscrevied  an^i 
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removed  for  cleaning  though  this  will  not  be  necessary  if  the  com- 
pressed air  is  utilized  as  shown.  Tlie  repairman  or  motorist  often 
finds  it  necessary  to  remove  the  fuel  feed  pipe  from  the  carburetor 
and  it  is  often  noticed  that  after  this  is  replaced  a  slow  leak  will 
develop  around  the  joint.  It  is  not  difficult  to  connect  the  coupling 
if  this  is  properly  done,  but  it  is  important  that  the  nut  of  the 
coupling  is  started  evenly  on  the  threads  of  the  joints.  The  nut 
is  often  tightened  when  it  is  cross  threaded  and  sometimes,  even 
when  successfully  started  it  must  be  screwed  all  of  the  way  home 
with  a  wrench  due  to  cramping  of  the  pipe.  The  right  and  wrong 
ways  of  connecting  a  feed  pipe  are  shown  at  Fig.  189,  D  and  E,  the 
former  indicating  what  to  avoid  while  the  latter  shows  the  correct 
method.  The  illustration  D,  shows  why  the  novice  often  fails  to 
make  a  proper  connection  and  succeeds  only  in  marring  the  first 
two  or  three  threads  of  the  joints.  The  lower  illustration  E,  shows 
the  joint  properly  made.  The  secret  is  to  secure  proper  alignment 
of  the  components  before  making  a  connection.  If  after  having 
properly  aligned  the  parts  and  screwed  the  nut  fairly  tight,  the 
joint  should  leak  slightly,  do  not  exert  undue  strain  on  the  union 
in  an  endeavor  to  make  a  tight  connection,  but  loosen  it  and  apply 
common  yellow  laundry  soap  to  the  threads  and  screw  it  back  iu 
place. 

If  a  pipe  is  a  short  one  and  there  are  two  couplings,  it  is  well 
to  loosen  both  unions  and  start  the  nuts  at  each  end  at  the  same 
time,  screwing  them  down  together.  In  this  way  a  tube  bent  in 
several  places,  which  tends  to  shorten  it,  may  be  straightened  with- 
out straining  any  of  the  threads  on  the  joints  and  besides  it  is  al- 
ways easier  to  center  a  loose  pipe  and  start  the  nut  correctly  on 
the  thread  than  to  try  and  line  up  a  pipe  fastened  rigidly  at 
one  end. 

It  is  not  always  necessary  to  gauge  the  distance  between  the 
top  of  the  spray  nozzle  and  the  fuel  it  contains  in  order  to  deter- 
mine if  the  float  level  is  at  the  correct  point.  With  a  1914  Cadillac 
carburetor,  the  level  of  the  fuel  is  tested  by  removing  the  bowl 
or  float  chamber  from  the  carburetor,  taking  out  the  spraying 
nozzle  and  attaching  the  bowl  to  the  fuel  supply  pipe.  When  the 
chamber  is  held  in  a  perfectly  level  position  the  distance  from  the 
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of  the  float  bowl  to  the  gasoline  should  be  from  .6562  inch  to 
1  inch.  If  less  than  the  first  named  distance,  correction  may 
lade  by  bending  down  the  arm  A,  shown  at  Fig.  190,  B,  slightly, 
ae  float  has  to  be  removed,  shellac  the  screw  at  B,  to  prevent 
rorking  loose  when  replaced.  It  is  sometimes  necessary  to 
d  the  float  controlling  needle  valve  to  a  new  seat.    This  may 


.  190. — ^How  to  Set  the  Automatic  Air  Valve  and  Float  Iiever  in  1914 

Cadillac  Models. 


isily  accomplished  by  using  a  very  fine  abrasive,  such  as  grind- 
s  dust. 

Vith  many  carburetors  an  auxiliary  air  valve  is  utilized,  its 
tion  being  to  open  as  the  motor  speeds  up  to  supply  more  air 
le  mixture.  The  suggestion  for  testing  the  air  valve  of  the 
llac  carburetor  illustrated  at  Fig.  190,  A,  is  as  follows:  Re- 
j  the  small  cover  over  the  air  valve  by  taking  out  two  small 
?8  retaining  it  to  the  body  of  the  carburetor.  Next,  take  out 
imall  split  pin  near  the  top  of  the  air  valve  stem  and  remove 
atter  complete  with  stem  from  the  adjusting  nut.  Hold  the 
alve  as  indicated  in  the  sketch  and  measure  the  disX^Ai^i^  ixotsi 
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the  leather  face  of  the  air  valve  to  the  underside  of  the  co 
the  air  valve  stem,  which  should  be  about  \%^  inches.  If  1 
tance  is  more  than  this  it  shows  that  the  air  valve  spriog;  i 
and  a  new  one  should  be  substituted. 

Relative  to  the  position  of  the  float  it  is  sometimes  { 
that  too  high  a  level  of  fuel  is  due  to  the  Soat  being  heavy. 


Fig.  191. — Sbnriiig  Points  In  Carbnretlon  System  vlia*  Air  Vm,j 
In  RBd  Oanae  Fanltr  Cuboretlon. 

results  when  it  absorbs  a  eertain  amount  of  fuel.  This,  of 
applies  only  to  eork  floats.  Before  bending  the  arm  to  vIl 
float  is  attaelied,  remove  that  member  and  dry  it  thoron^ily. 
give  it  one  or  two  coats  of  sbellae.  In  some  types  of  carb] 
it  ia  poaaible  to  alter  the  level  by  adjusting  the  float  and  to 


Influence  of  Air  Leaks  8 
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tain  when  this  is  correct  by  comparing  the  level  in  the  glass  fl 
bowl  with  a  line  etched  on  the  float  bowl  wall. 

Inflnence  of  Air  Leaks. — If  any  difficulty  is  experienced 
throttling  down,  that  is  to  say,  if  it  is  impossible  to  have  the  mo 
run  steady  with  the  throttle  closed  without  using  a  rich  mixti 
one  may  assume  that  the  trouble  is  due  to  air  leaks  which  dil 
the  mixture.    There  are  a  number  of  points  about  a  motor  wh 
I  the  leakage  may  be  manifested.    The  main  points  are  indicated 
Fig.  191,  A.    Air  may  enter  through  leaky  gaskets  either  wh 
I  the  carburetor  fastens  to  the  manifold  or  where  the  manifold 
taches  to  the  cylinder  casting.    Leaks  at  these  points  are  hard 
detect  as  they  only  occur  when  the  piston  is  going  down  in 
cylinder  to  suck  in  a  charge  of  gas.    Air  leaks  may  also  be  pres 
around  the  compression  relief  or  priming  cocks  where  they  sci 
into  the  cylinder,  at  the  valve  chamber  cap  threads  or  around 
spigot  joint  of  the  release  cock.    Leaks  are  also  apt  to  material 
around  the  spark  plugs  where  these  screw  into  the  cylinder  or 
cause  of  defective  packing  in  the  spark  plug  body  itself.    Le 
at  this  point  will  be  clearly  evidenced  by  oil  deposits  around 
leaky  portions  or  if  the  leak  is  serious  by  a  hissing  noise.    Uni 
these  conditions  it  will  be  evident  that  unless  that  carburetor 
adjusted  to  supply  additional  fuel  to  compensate  for  the  air  le 
ing  in  that  the  motor  will  run  irregularly  and  that  it  will  o: 
run  evenly  when  speeded  up  so  that  the  suction  draws  in  the 
quired  amount  of  gasoline.    If  the  mixture  is  set  rich  at  low  sp< 
to  compensate  for  the  air  leaks,  it  will  be  too  rich  at  high  spec 
The  air  leak  may  be  around  a  defective  gasket  as  shown  at  P 
191,  B,  or  due  to  a  loosened  retaining  screw  which  permits 
manifold  flange  to  spring  away  from  the  cylinder  to  some  ext 
or  the  leak  may  result  from  a  defective  inlet  valve  stem  guide  bu 
ing  as  shown  at  C.    If  the  exhaust  valves  do  not  seat  properly, 
indicated  at  E,  a  certain  amount  of  burnt  mixture  will  be  dra 
in  from  the  manifold  which  will  mix  with  the  fresh  gas  and  dil 
it  just  as  air  would.    Air  leaks  may  be  easily  tested  by  squirt: 
oU  or  soapy  water  around  the  points  suspected  of  being  at  fai 
If  any  leaks  exist  they  will  be  noted  by  bubbles  in  the  liquid. 
there  is  a  leak  on  the  suction  stroke  the  liquid  wiW  be  dTVNii  \ii\ 
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crevice  while  tbe  leak  will  show  on  the  compression  stroke 
blowing  the  liquid  away  from  the  crack  because  of  the  escaping  s 
In  cleaning  a  badly  sooted  spark  plug  it  is  sometimes  necessa 
to  dismantle  it.  In  reassembling,  one  may  fail  to  screw  down  1 
packing  gland  tight  enough  against  the  shoulder  of  the  porceli 
to  have  that  member  gas  tiglit.  If  the  leak  is  around  a  thread 
member  such  as  a  petcock  or  valve  chamber  cap  the  faulty  pii 


Tig.  192.— Hatbod  of  CuttinK  Inlet  MuilfoU 


should  be  removed  and  the  threads  coated  with  graphite  pipe  c( 
pound  and  replaced.  If  the  ga^ets  or  packing  members  are 
fault,  it  is  a  simple  matter  to  replace  them.  The  air  leaks 
sometimes  due  to  blow  holes  in  a  cast  aluminum  manifold  or 
leaky  joints  in  a  brazed,  built-up  tubular  manifold.  The  only  ^ 
they  can  be  detected  when  in  these  members  is  by  painstak 
search  with  oil  or  soapy  water  as  previously  outlined  for  test 
petcocks  and  valve  chamber  caps. 

Cutting  a  gasket  is  not  a  difficult  operation  if  this  is  to 
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ide  of  some  sheet  packing,  such  as  asbestos  or  rubber.  The 
ethods  outlined  at  Fig.  192  for  marking  out  and  cutting  a  gasket 
^  using  the  manifold  itself  as  a  guide,  are  those  generally  em- 
oyed  by  automobile  repairmen.  The  usual  location  of  a  gasket 
itween  the  cylinder  casting  and  manifold  is  as  shown  at  A.  At 
,  the  method  of  tamping  out  the  shape  of  the  gasket  is  clearly 
itlined,  though  better  results  are  obtained  by  using  a  ball  peen 
unmer  instead  of  the  form  shown.  After  the  gasket  has  been 
arked  out,  if  the  material  permits,  such  as  can  be  done  with  the 
ibber  packings  used  under  water  manifold  flanges,  it  may  be  easily 
it  to  shape  by  using  a  sharp  chisel  in  the  manner  indicated  at  C. 
Notes  on  Carburetor  Adjustment. — The  modern  float  feed  car- 
iretor  is  a  delicate  and  nicely  balanced  appliance  that  requires 
certain  amount  of  attention  and  care  in  order  to  obtain  the  best 
suits.  The  adjustments  can  only  be  made  by  one  possessing  an 
'elligent  knowledge  of  carburetor  construction  and  must  never 
made  unless  the  reason  for  changing  the  old  adjustment  is 
derstood.  Before  taking  up  the  adjustment  of  the  leading  forms 
carburetors,  a  few  hints  regarding  the  quality  to  be  obtained 
the  mixture  should  be  given  some  consideration,  as  if  these  are 
jperly  understood  this  knowledge  will  prove  of  great  assistance 
adjusting  the  vaporizer  to  give  a  good  working  proportion  of 
?1  and  air.  There  is  some  question  regarding  the  best  mixture 
^portions  and  it  is  estimated  that  gas  will  be  explosive  in  which 
5  proportions  of  fuel  vapor  and  air  will  vary  from  one  part  of 
»  former  to  a  wide  range  included  between  four  and  eighteen 
rts  of  the  latter.  A  one  to  four  mixture  is  much  too  rich,  while 
J  one  in  eighteen  is  much  too  lean  to  provide  positive  ignition. 
A  rich  mixture  should  be  avoided  because  the  excessive  fuel 
*d  will  deposit  carbon  and  will  soot  the  cylinder  walls,  combus- 
n  chamber  interior,  piston  top  and  valves  and  also  tend  to  over- 
it  the  motor.  A  rich  mixture  will  also  seriously  interfere  with 
rible  control  of  the  engine,  as  it  will  choke  up  on  low  throttle 
d  only  run  well  on  open  throttle  when  the  full  amount  of  gas 
needed.  A  rich  mixture  may  be  quickly  discovered  by  black 
oke  issuing  from  the  muffler,  the  exhaust  gas  having  a  very 
ngent  odor.    If  the  mixture  contains  a  surplus  oi  aVr  \Xv^t^  n?^ 
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be  popping  sounds  in  the  carburetor,  which  is  commonly  ten 
blowing  back.  To  adjust  a  carburetor  is  not  a  difficult  ma 
when  the  purpose  of  the  various  control  members  is  understf 
The  first  thing  to  do  in  adjusting  a  carburetor  is  to  start 
motor  and  to  retard  the  sparking  lever  so  tlie  motor  will  run  da 
leaving  the  throttle  about  half  open.  In  order  to  ascertain  if 
mixture  is  too  rich  cut  down  the  gasoline  fiow  gradually  by  scff 
ing  down  the  needle  valve  until  the  motor  commences  to  mn 
regularly  or  misfire.  Close  the  needle  valves  as  far  as 
without  having  the  engine  come  to  a  stop  and  after  having 
the  minimum  amount  of  fuel  gradually  unscrew  the  adjusting 
until  you  arrive  at  the  point  where  the  engine  develops  ill 
est  speed.  When  this  adjustment  is  secured  the  lock  nut  is  sen^ 
in  place  so  the  needle  valve  will  keep  the  adjustment.  The 
point  to  look  out  for  is  regulation  of  the  auxiliary  air  su 
those  types  of  carburetors  where  an  adjustable  air  valve 
vided.  This  is  done  by  advancing  the  spark  lever  and  o 
throttle.  The  air  valve  is  first  opened  or  the  spring  te 
duced  to  a  point  where  the  engine  misfires  or  pops  back 
carburetor.  AVhen  the  point  of  maximum  air  supply  the 
will  run  on  is  tlius  determined,  the  air  valve  spring  may  be 
ened  by  screwing  in  on  the  regulating  screw  until  the 
reached  where  an  appreciable  speeding  up  of  the  engine  is 
If  both  fuel  and  air  valves  are  set  right,  it  will  be  possible  to 
erate  the  engine  speed  uniformly  without  interfering  with 
larity  of  engine  operation  by  moving  the  throttle  lever  or 
erator  pedal  from  its  closed  to  its  wide  open  position,  this 
done  with  the  spark  lever  advanced.  All  types  of  carburetors 
not  have  the  same  means  of  adjustment,  in  fact,  some  adjust  o 
with  the  gasoline  regulating  lever  while  in  others  the  mixture  i 
portions  may  be  varied  only  by  adjustment  of  the  quantity 
entering  air.  We  will  now  consider  the  construction  and  adj 
ment  of  various  makes  of  carburetors  that  have  received  gen 
application  and  that  may  be  considered  as  standard  forms. 

Browne. — At  Fig.  193,  a  novel  carburetor  of  recent  derei 
ment  is  shown  in  whicli  no  adjusting  means  are  provided  an 
is  said  that  one  size  of  carburetor  will  sen'e  all  motors,  the  c 
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beJD^  that  of  the  effective  auxiliary  valve  opening  which 
'ed  for  difFereDt  motor  sizes  hj  the  use  of  a  specially  con- 
1  bushing  placed  above  the  valve.  It  is  claimed  for  this 
that  it  feeds  a  fuel  and  air  mixture  of  constant  ratio  regard- 
speed  or  load. 

Browne  is  a  single-nozzle  carburetor  with  a  conventional 
rangement  on  one  side  to  which  the  fuel  is  fed  and  from 


Fig.  193. — Sectloiial  View  of  tiie  Biomio  CkrHnntor. 


{asoline  is  run  to  a  nozzle  located  in  the  throat  of  a  venturi 
i.  The  air  valve  is  on  the  opposite  side  of  the  mixing  cham- 
i  in  this  construction  it  differs  radically  from  other  types  of 
etoTs.  In  action  the  single  nozzle  with  a  7-degree  dischat^e 
^-degree  approach  feeds  the  fuel  and  a  primary  air  inlet 
nding  this  nozzle  feeds  the  air.  In  addition,  the  auxiliary 
:ve  acted  upon,  it  is  claimeA,  both  by  the  "vacxmLTa  ctftftSsA. 
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by  engine  suction  and  velocity  of  air  past  the  fuel  nozzle, 
additional  air  in  the  proper  proportion  to  the  speed  and  loa 
gardless  of  barometric  conditions 

As  shown  in  illustration  Fig.  193,  the  auxiliary  air  val 
located  in  a  chamber  which  is  in  communication  with  the  vei 
Underneath  the  valve  is  a  spring  by  means  of  which  valve  r< 
is  obtained.    Above  the  valve  is  a  bushing  with  a  curved  su 
and  as  the  valve  opens  or  goes  downward  the  valve  openL 
increased.    A  cover  is  provided  for  the  valve  chamber.  .  Sine 
passage  from  the  valve  chamber  to  the  venturi  ends  at  a  poi 
line  with  the  nozzle,  any  vacuum  tending  to  cause  fuel  flovp 
'W:ill  act  through  the  passage  on  the  auxiliary  air  valve,  thus  i 
ing  it  against  spring  tension.    As  the  vacuum  increases  the 
goes  downward,  the  opening  at  the  top  becomes  greater  and 
air  is  allowed  to  flow  between  the  bushing  and  the  valve, 
the  vacuum  in  the  small  chamber  underneath  the  valve  deten 
the  extent  .of  valve  opening,  and  since  for  a  given  vacuum 
is  a  definite  fuel  flow,  for  each  rate  of  fuel  flow  there  is  a  de 
valve  position. 

In  order  to  prevent  fluttering  of  the  valve  and  an  excess 
rich  mixture  directly  after  throttle  closing,  a  ball  is  placed  i 
passage  leading  to  the  vacuum  chamber.  This  ball  is  nuu 
bronze  and  is  slightly  raised  from  its  seat.  When  the  air 
is  being  depressed  the  ball  offers  no  resistance,  but  when  the 
starts  to  close  a  resistance  is  interposed,  which  prevents  flutti 
Also,  when  the  air  valve  is  closed  suddenly,  due  to  throttle  ch 
there  is  a  tendency  for  the  nozzle  to  feed  too  much  fuel,  d 
inertia  of  the  gasoline.  It  is  said  that  the  ball  retards  the  i 
ment  upward  of  the  air  valve  in  the  same  proportion  as  tiM 
flow  is  continued,  thus  maintaining  a  constant  mixture  durin 
period  of  throttle  closing.  In  order  to  prevent  any  dirt  g| 
between  the  valve  and  the  cylinder  there  is  produced,  by  mei 
the  passage  at  the  right  of  the  air  valve,  a  vacuum  equal  t8 
on  the  fuel  nozzle.  This  vacuum  keeps  the  joint  effectively  eh 
all  possible  obstruction,  it  is  claimed. 

The  priming  lever  shown,  when  pulled,  depresses  the  fli 
the  usual  way.    This  floods  the  float  chamber,  but  when  ttrf 
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Mches  a  certain  point  it  overflows  through  the  duct  shown,  whic 
leads  to  a  cuplike  portion  in  the  primary  sir  intake.  The  fuel 
drawn  from  this  cup  through  the  vertical  tube  ahown  into  th 
Tentnri,  where  it  is  sprayed  by  the  entering  air,  which  is  at  hig 
Tdocity.  Another  feature  of  the  Browne  is  the  float  cliambE 
drain,  which  is  in  the  form  of  a  needle  valve.  Tliis  mabea  a  simp] 
coDttruction  and  one  quite  as  effective  and  more  accessible  tha 
wme  of  the  underneath  control  cock  arrangements. 
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Fig.  IH. — American   Oarbnietor  DastgitB   tbat  Hbv«   BecAlved   Wlda 
AppllMtloD.     A. — Elngflton.     B. — The  SdieblM  Model  E. 


Kingtton. — The  Kingston  carburetor  shown  at  Fig.  194,  A,  : 
*  of  the  pattern  having  adjustment  only  by  fuel  regulating  need! 
valve.  This  is  located  at  the  top  of  the  carburetor  and  screws  dow 
into  the  spray  nozzle  to  vary  the  size  of  the  opening  providin 
commnnication  between  the  interior  of  the  jet  and  the  float  chan 
ber.  The  auxiliary  air  supply  is  admitted  by  a  series  of  ball  valv( 
of  different  sizes,  these  lifting  according  to  the  degree  of  suctio 
to  admit  more  air  progressively  as  the  butterfly  throttle  valve  i 
opened  and  the  motor  suction  becomes  greater.  This  carburetc 
is  a  very  easy  one  to  adjust  as  the  mixture  proportions  are  altere 
by  a  r^ulating  needle.  The  float  is  of  cork  and  controls  the  sma 
lieedle  valve  through  a  simple  lever  of  the  first  class. 

r.  Model  X. — Tiiis  is  a  very  popular  focm,  ol  cexWtfXi 
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and  has  been  very  widely  applied,  especially  in  marine  service. 
It  was  used  on  many  of  the  early  forms  of  automobiles  but  hai 
been  displaced  by  improved  forms.  The  amount  of  fuel  drawn  ifltc 
the  mixture  is  altered  by  a  needle  valve  located  at  the  bottom  d 
the  carburetor  and  which  regulates  the  size  of  the  spraying  orifice 
The  auxiliary  air  supply  is  controlled  by  a  leather  valve  whicl 
is  kept  seated  by  a  coil  spring  having  a  tension  regulating  screv 
to  limit  the  valve  opening.  As  the  tension  of  the  spring  is  in 
creased,  the  valve  opens  less  owing  to  the  augmented  resistance  o 
the  spring.  When  the  spring  tension  is  reduced  the  air  valve  wi] 
open  wuder  and  allow  more  auxiliary  air  to  flow  into  the  mixture 
It  will  be  noted  in  both  of  the  carburetors  shown  at  Fig.  194,  tha 
the  primary  or  main  air  opening  is  not  variable.  This  is  set  to  cei 
tain  proportions  determined  by  experiment  when  designing  th 
carburetor. 

Overland-Schebler. — The  device  outlined  at  Fig.  195,  is  cm 
of  the  most  recent  developments  of  the  Schebler  carburetor  and  is 
the  form  used  on  some  models  of  Overland  cars.  The  internal 
construction  is  clearly  shown  at  A  in  the  sectional  view%  while  the 
external  parts  are  plainly  outlined  at  B.  The  instructions  foi 
regulating  this  carburetor  are  as  follows:  First,  seat  the  needl< 
valve,  which  is  indicated  as  A  in  the  sectional  view,  by  turning 
the  adjusting  screw  to  the  right  until  it  stops.  Do  not  use  pressur 
on  the  screw  after  it  meets  with  resistance.  Then  turn  it  to  th 
left  about  a  turn  and  a  half  and  prime  or  flood  the  carburetor  b; 
pulling  on  the  priming  lever  and  holding  it  for  about  five  seconds 
Open  the  throttle  by  moving  the  throttle  control  lever  about  twc 
thirds  across  the  quadrant.  Start  the  motor,  then  close  the  throttl 
slightly,  retard  the  spark,  and  adjust  the  needle  valve  adjustin 
screw  in  and  out  until  the  motor  runs  at  the  desired  speed  an 
hits  regularly  on  all  four  cylinders.  Wlien  a  good  adjustmei 
has  been  secured  for  low  speed  with  the  motor  running  idle  d 
not  alter  the  needle  valve  adjustment  any  more,  but  make  th 
intermediate  speed  and  high  speed  adjustments  on  the  dials  showi 
First  adjust  the  pointer  on  the  intermediate  speed  dial  movin 
from  the  figure  1  towards  the  numeral  3,  and  setting  it  about  hal 
way  between.    Now  advance  the  spark  lever  and  open  the  throttl 
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so  the  roller  running  on  the  track  below  the  dial  is  in  line  w 
the  intermediate  speed  adjustment  dial.  If  the  motor  backfi: 
with  the  throttle  in  this  position,  and  the  spark  advanced  increi 
the  gas  supply  by  turning  the  indicator  a  little  more  toward  thi 
on  the  dial,  or  if  the  mixture  is  too  rich,  cut  down  the  gas  supj 
by  turning  the  indicator  back  towards  the  numeral  1  on  the  d 
until  satisfied  that  the  motor  is  running  steadily  at  the  intermeds 
position  of  the  throttle.  Finally,  open  the  throttle  wide  and  ml 
the  adjustment  with  the  high  speed  dial  for  high  speeds  in  1 
same  manner  as  you  have  made  the  adjustment  for  the  intermedifl 
speed.  In  adjusting  the  carburetor  by  this  method  there  is  a  tl 
dency  to  give  too  rich  a  mixture.  Therefore  it  is  advisable  irk 
making  these  adjustments  to  cut  dowoi  the  gasoline  needle 
the  motor  begins  to  misfire,  and  then  to  increase  the  fuel  su] 
gradually  until  the  motor  hits  evenly  on  all  four  cylinders, 
auxiliary  air  valve  regulating  screw  should  also  be  adjusted  i 
order  to  secure  the  best  valve  openings  for  high  motor  speeds  nl 
the  wide  opened  throttle.  For  average  running  a  mixture  U| 
in  gasoline  will  give  more  power  and  greater  speed  than  a  li 
mixture,  but  it  will  be  harder  to  start  the  motor  than  if  the  rioi 
mixture  is  employed. 

Breeze. — The  Breeze  carburetor,  which  is  shown  at  Pig. 
of  a  conventional  pattern  having  mixture  proportion 
by  needle  valve  adjustment  for  controlling  the  fuel  supply. 
auxiliary  air  valve  springs  tension  adjustment  for  varymf 
air  admitted.     The  needle  valve  is  controlled  by  an  adi 
screw  at  the  side  of  the  carburetor  in  one  type  which  is 
to  permit  the  needle  valve  to  rise  out  of  the  spray  nosde 
screwed  in  to  depress  it  into  the  spray  nozzle  opening 
down  on  the  amount  of  gasoline  sucked  into  the  mixture, 
be  noted  that  an  air  shutter  is  placed  in  the  mouth  of  the 
air  opening,  the  purpose  of  this  being  to  facilitate  easy 
when  it  is  partly  closed  to  produce  great  air  velocity  by 
nozzle.     The  Breeze  carburetor  shown  at  Fig.  196,  B,  o; 
practically  the  same  principle  as  that  outlined  at  A,  ex( 
it  has  a  side  opening  through  which  the  mixture  is  snppl 
mote--'  and  the  gasoline  regulating  valve  is  at  the  top  of  t£ 


Schebler  Carburetor 


886  Automobile  Bepaxring  Made  Eaay 

buretor  instead  of  at  the  side,  as  is  also  true  of  the  auxi 
valve.  The  fuel  supply  is  regulated  hy  a  metal  float  whi 
ates  the  lever  to  shut  off  the  main  fuel  inlet  control  valv 
The  following  instmctions  are  given  by  the  maten 
Breeze  carburetors  for  adjusting  their  device :  Before  chan 
JQStments  allow  the  motor  to  run  awhile,  heating  it  to  obi 
mal  conditions.  Advance  spark  about  to  center ;  then  open 
very  slightly  and  adjust  your  gasoline  (ilgured  dial)  c 
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highest  speed  is  obtained  with  this  setting ;  then  open  throt 
and  adjust  the  auxiliary  air  by  either  raising  or  lowei 
adjusting  stem  on  the  air  valve.  If  the  motor  speeds  up 
ately,  auxiliary  air  is  correct ;  if  motor  fires  back  tbron 
buretor  on  high  speed,  it  indicates  excessive  air,  and  ai 
stem  should  be  drawn  up;  if  slow  in  picking  up,  it  ind 
scarcity  of  air;  in  that  case,  lower  the  adjusting  stem.  Froi 
quarters  of  a  turn  to  a  turn  and  one-quarter  is  the  usoal 
of  the  needle  valve  required.  Screwed  all  the  way  Am 
closed.     To  open  it  turn  backwards.     With  the  throttle  m 
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Imaryy  the  correct  position  for  the  needle  valve  in  any  case 
it  at  which  the  engine  runs  fastest. 

f^  at  the  highest  speed,  the  motor  picks  up  perceptibly  when 
inziliary  air  valve  is  pushed  further  open,  then  more  air  is 
ed.  To  adjust  the  auxiliary  air  valve,  loosen  the  air  valve 
idng  wing  nut,  turn  the  stem  to  the  left  to  stiffen  the  spring 
ieereajse  the  air,  to  the  right  to  weaken  it  and  give  more  air. 
ireful,  in  weakening  the  spring  and  giving  more  air,  not  to 
en  it  so  much  that  the  valve  does  not  seat.  Air  must  not  get 
low  speeds  or  starting  will  he  almost  impossible.  Lock  the 
tment  securely. 

ith  the  carburetor  of  the  proper  size  for  the  motor,  as  indi- 

by  the  manifold  pipe,  if  enough  suction  is  not  obtainable 

m  the  auxiliary  air  valve,  vnth  the  spring  at  its  lightest  ten- 

ind  the  motor  at  the  highest  speed,  then  a  smaller  strangling 

faould  be  used.    With  the  conditions  reversed  from  those  just 

bed,  if  the  auxiliary  air  valve  spring  has  to  have  too  great  a 

Q  to  produce  the  proper  results  on  higher  speeds,  then  a 

'  strangling  tube  is  needed  to  decrease  the  suction  at  that 

so  that  the  spring  can  autoiQatically  regulate  the  proper 

It  of  air  coming  through  the  valve  as  the  throttle  opens  for 

q[>eeds.     The  spring  in  the  auxiliary  air  valve  should  never 

so  stiff  a  tension  that  with  the  throttle  half  way  open  the 

ary  air  valve  remains  closed.    The  auxiliary  air  valve  should 

mnce  to  open  unth  the  throttle  to  produce  the  best  residts. 

*  a  change  of  strangling  tubes  to  meet  the  above  conditions, 
D  be  necessary  to  readjust  the  gasoline  needle  valve  for  low 

•  adjust  for  throttling  down  the  engine  to  its  slowest  speed, 
le  throttle  on  the  steering  wheel  at  its  lowest  point,  loosen  the 
JBe  lever  lock  screw,  and  with  a  screw  driver  turn  the  throttle 
itmeetnlly  closed  till  the  engine  runs  slowly  enough  to  suit  you 
pot  cut  in  the  stem  shows  the  way  the  throttle  is  set.  See  that 
KdIs  between  the  carburetor  and  motor  are  tight.  Frequently 
h  the  motor  picks  up  slowly  with  throttle  open,  a  weaker 
■  w31  improve  matters.  Be  sure  the  primer  is  on  the  same 
p  the  carburetor  as  the  gasoline  inlet,  so  the  primer  p\\\ixgeT 
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presses  down  the  float  lever  iostead  of  the  float.  The 
mechanism  is  correctly  adjusted  before  leaving  the  factoi 
ing  is  caused  by  dirt  on  the  inlet  valve  seat,  or  a  pooi 
inlet  valve,  resulting  from  improper  handling  after 
leaves  factory.    Therefore,  look  for  dirt  and  do  not  try 


Fig.  197. — BtromlMrK  Two  Houle  Owbntttor. 

float  level.     Never  grind  inlet  valve  with  emery;  this 
Beat  and  the  valve. 

Stromberg. — The  Stromberg  carburetor  sbovn  at  Pi 
form  having  two  spray  nozzles,  and  with  a  glass  wall  floi 
carried  at  one  side  of  the  mixing  chamber.    In  this  car) 
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Mit  of  the  fuel  in  the  float  chamber  may  be  varied  by  a  float 
^  '  regulation  member,  and  it  is  not  difficult  to  determine  the 
T  height  as  a  mark  is  etched  on  the  glass  walls  with  whicli 
level  of  liquid  must  coincide.  Tlie  spray  nozzle  is  provided 
a  needle  valve  to  regulate  the  amount  of  gasoline  sprayed 
the  mixture.  The  secondary  nozzle  is  controlled  by  a  needle 
is  raised  from  its  seat  when  the  auxiliary  air  valve  is  sucked 
iwn  due  to  greater  suction  produced  by  increased  throttle  open- 
g.  The  valve  controlling  the  auxiliary  or  secondary  jet  is  lifted 
f  A.  bell  crank  and  the  amount  of  opening  relative  to  the  travel 
!  the  auxiliary  air  valve  is  determined  by  the  position  of  the  " 
tilBtment  nut  carried  on  the  threaded  end  of  the  air  valve  stem, 
pe  amount  of  air  valve  opening  is  regulated  by  altering  tlie  spring 
which  tends  to  keep  the  valves  closed. 
A  Stromberg  carburetor  of  more  recent  development,  whicli  is 
as  the  H.  A.,  is  shown  at  Fig.  198.  In  the  new  Strombergs 
motor  is  fed  the  proper  mixture  below  25  miles  per  hour  from 
low-speed  jet  with  air  from  the  primary  intake  and  above  that 
the  auxiliary  air  valves  come  into  action,  and  with  it  the 
iary  nozzle,  which  is  interconnected  with  the  air  valve.  When 
ur  is  running  less  than  25  miles  per  hour  the  low-speed  nozzle 
feeds  the  fuel  and  above  that  speed  the  dashpot  comes  into 
The  piston  shown  is  .01  inch  smaller  than  its  chamber,  and 
fnel  entering  must  work  its  way  around  the  piston.  Integral 
the  piston  is  a  sleeve  to  which  is  attached  the  air  valve. 
the  sleeve  is  the  secondary  needle,  which  rests  upon  a  seat 
and  has  at  its  upper  end  a  button.  The  spring  wuthin  the 
re  holds  the  needle  in  position.  Should  the  air  valve  open, 
ies  with  it  the  needle  and  at  the  same  time  forces  the  piston 
ard  against  gasoline  pressure.  However,  the  needle  travels 
through  the  distance  AB.  This  is  true  because  movement  down- 
of  the  air  valve  carries  the  needle,  but  as  soon  as  the  button 
the  nut  B  it  will  stop.  While  the  needle  is  held  stationary 
e  may  continue  to  move,  and  so  move  the  seat  away  from 

aetion  the  piston  compensates  for  lag  in  the  fuel.    That  is 
the  throttle  is  opened  the  air  valve  is  not  allowed  to  open 
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quickly,  and  thus  cause  poor  carburetor  action,  but  ius 
against  the  fuel  in  the  chamber  and  opens  slowly. 

When  the  fuel  \a  in  the  chamber  and  the  secondary 
is  opened  by  increased  suction,  fuel  makes  its  way  up  thi 
boles  at  the  top  of  the  piston,  and  thence  through  the  slee 
tube  integral  with  the  air  valve.     The  fuel  leaving  thL 


— Iiatest  Uodel  of  Stiomberg  Two  Jst  OubnmoT  w: 
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carried  away  with  inrusliing  auxiliary  air  and  forms  i 
speed  mixture.  One  important  feature  of  this  carburetoi 
ill  this  construction  which  prevents  the  secondary  fuel  sp 
toucliiug  any  metal  as  it  leaves  the  tube,  and  also  gettu 
mixing  by  having  the  fuel  meet  the  air  which  is  at  higb 
The  primary  nozzle  adjustment  is  in  the  form  of  the  hand 
and  the  secondary  by  means  of  the  knurled  not  at  the  b 
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b  Talve.  The  dash  adjustment,  a  series  of  levers,  not  only  lifts 
le  secondary  needle  from  its  seat,  but  also  locks  the  auxiliary 
b  valve,  so  that  on  starting  the  engine  gets  a  good  mixture  with 
to  air  supply  shut  off  entirely,  provided  the  primary  air  intake 
^closed  by  the  butterfly  valve. 
Holl^. — A  form  of  carburetor  in  which  no  auxiliary  air  supply 
provided  is  shown  at  Fig.  199.  This  is  a  concentric  float  and 
King  chamber  form  and  the  only  adjustment  possible  is  by  the 
Bedle  valve  which  regulates  the  amount  of  fuel  passing  through 
ie  standpipe  or  spray  nozzle.  At  low  engine  speeds  or  when  the 
Vottle  is  closed  enough  gasoline  is  drawn  from  the  well  I  to  the 
fesnglin^  tube  J  to  insure  suflBciently  rich  mixture  to  make  for 
Iqr  starting  or  to  provide  just  enough  gas  for  idling  the  motor. 
the  air  must  enter  through  the  main  air  inlet,  and  before  pass- 
out  of  the  mixing  chamber  it  must  flow  into  the  tube  L  by 
of  the  annular  passage  F,  and  must  brush  by  the  spray 
M  with  considerable  velocity,  insuring  positive  feeding  of 
due  to  the  pronounced  suction  effect  of  the  rapidly  moving 
of  air.  In  this  carburetor  the  needle  valve  is  set  to  pro- 
the  best  mixture  when  the  throttle  valve  is  fully  opened. 
mixture  proportions  at  all  other  engine  speeds  are  said  to  be 
ited  perfectly  by  the  degree  of  engine  suction  due  to  the 
iar  design  of  the  mixing  chamber. 

rice. — The  Krice  carburetor,  which  is  shown  at  Fig.  200,  is 

popular  iu  marine  work  and  operates  to  some  extent  on  the 

principle  as  the  Holley  carburetor,  the  difference  being  mainly 

method  of  spraying  the  fuel.    Instead  of  a  spray  nozzle  of 

usual  pattern,  the  gasoline  is  spread  in  a  thin  slieet  in  an 

opening  between  the  bottom  of  the  mixing  chamber  and 

fuoline  vaporizer,  and  as  all  air  passing  through  the  air  inlet 

sweep  across  the  face  of  this  vaporizer,  it  is  apparent  thaf 

become  impregnated  with  gasoline  vapor.    The  amount  of 

nay  be  regulated  by  a  gasoline  adjustment  needle,  no  source 

air  being  provided. 

, — The  Zenith  carburetor  shown  at  Fig.  201  is  a  type 

a  compound  nozzle  instead  of  the  single  spray  nozzle  in 

previously  described.    A  sectional  view  through  the  u^- 
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Fig.  109.— SMtlanal  Tlew  of  HoU«7 


ing  chamber  is  sho\^'n  at  A,  while  the  arrai^ment  of  tl 
mechanism  and  a  sectional  view  of  the  compound  noszle  is 
outlined  at  B,  The  principle  of  operation  is  as  follows:  Tl 
Bary  ooz^e,  or  main  jet,  is  shown  at  G,  and  receives  guolii 


Zenith  Carburetor 


Tig.  200. — Showing  CoiutrncUon  of  Kilce  Oaibontoi. 


lat  chamber  through  the  channel  hole  E,  It  is  surrounded 
cap  jet  H,  vhich  receives  gasoline,  through  channel  hole  K, 
a  well  Q,  open  to  the  atmosphere.  This  well  Q  receives  a 
red  flow  of  fuel  through  the  "compensator"  I,  which,  as  is 
seen,  is  not  subjected  to  the  suction  of  the  motor,  and  has, 
ore,  a  constant  flow.  This  compounding  of  two  nozzles,  hav- 
fferent  and  opposite  qnalities,  is  the  main  cliaracteriBtic  of 
nith  principle,  and  it  gives  in  this  new  type  the  same  com- 
ion  as  in  the  vertical  types. 

e  slow-speed  arrangement  u.sed  in  this  type  differs  slightly 
the  one  used  previously.  It  might  be  termed  a  "miniature 
■etor,"  and  it  is  made  up  of  the  idling  tube  J,  terminating 
one,  into  which  the  idling  jet  P  can  be  screwed  up  more 
by  means  of  the  knurled  adjusting  tube  0.  the  air  entering 
:h  holes  in  this  latter  part.  The  mixture  formed  at  this  point 
)  a  channel  Z,  drilled  in  the  carburetor  body,  which  opens 
be  throttle;  it  is  there  mixed  with  the  air  paasai%  ^Jftt^M.^ 
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Fig.  SOI. — View  Showing  OonBtEOcUou  ot  IStm  iMciML  <l^taar«ta 


Zenith  Carburetor  Construction  3£ 

the  throttle.  When  the  throttle  is  only  slightly  open  the  suctic 
there  is  powerful  and  atomizes  the  gasoline  perfectly.  With 
throttle  a  little  more  opened  the  compound  nozzle  comes  into  pla 
and  this  miniature  carburetor  has  no  longer  any  effect.  This  slo^ 
qpeed  adjustment  does  not  interfere  with  the  action  of  the  ca 
boretor  at  medium  or  high  speeds.  This  carburetor  finds  its  app] 
cation  mostly  in  the  case  of  monobloc  engines  where  the  intaJ 
passage  is  cored  in  and  passes  in  the  center  of  the  bloc,  from  tl 
▼alve  side  to  the  opposite  side.  This  construction  brings  the  ca 
boretor  at  a  point  which  is  otherwise  unoccupied ;  it  removes  oi 
obstruction  in  front  of  the  tappet  covers,  and,  the  carburetor  beii 
higher  than  usual,  interferes  less  with  the  other  motor  accessori( 
In  most  cases  at  least  one  bend  in  the  intake  passages  is  eliminate 
and  it  is  well  known  that  a  bend  creates  more  resistance  than  tl 
same  length  of  straight  path.  It  shows  how  hot  air,  taken  al 
through  a  cored  passage  in  the  cylinder,  is  conveyed  to  the  ca 
buretor.  A  little  flap,  actuated  from  the  dash  and  shown  in  tl 
picture  in  a  full  open  position,  may  be  partially  closed,  when  i 
the  air  entering  the  carburetor  will  be  reheated  air;  by  pulling  t 
control  rod  completely  the  flap  goes  farther  and  chokes  the  c« 
buretor,  thus  causing  the  formation  of  an  excessively  rich  mixtui 
which  is  useful  for  starting  a  cold  motor  in  severe  weather. 

Bayfield. — The  views  at  Pig.  202  show  the  Rayfield  carburetc 
that  at  A  being  an  exterior  view  showing  all  parts  to  be  consi 
ered  in  making  an  adjustment  while  the  interior  construction 
clearly  outlined  at  B.  To  make  adjustments  on  this  carburet 
the  following  mode  of  procedure  is  observed :  First  close  the  neec 
valve.  This  is  done  by  turning  the  fuel  adjustment  to  the  left  un 
the  screw  leaves  contact  with  the  regulating  cam,  which  indical 
that  the  needle  valve  is  seated.  Then  turn  the  fuel  adjustme 
screw  to  the  right  for  about  one  and  one-quarter  turns.  The  mot 
may  now  be  started.  For  more  fuel  turn  the  fuel  adjustme 
screw  to  the  right  and  to  decrease  the  supply  turn  it  to  the  le 
This  adjustment  can  only  be  made  at  retard  or  low  throttle.  Ha 
ing  found  the  right  fuel  supply  for  running  slowly,  open  the  thr< 
tie.  If  backfiring  occurs,  turn  the  high  speed  adjusting  screw 
the  right,  which  increases  the  supply  of  fuel  at  open  iViroWY^*  ' 
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Fig.  202.— DetaUa  of  tli«  Barfleld  Cailniretai. 

decrease  the  fuel  supply  at  high  speeds  turn  the  high  sp 
justing  screw  to  the  left.  For  adjusting  the  throttle  4^>eiL 
a  screwdriver  to  turn  the  screw  in  the  stop  arm. 


Ray  field  Carburetor  Adjustment  3 

After  the  right  fuel  supply  has  been  found  for  both  low  a 

high  speeds,  the  throttle  should  be  opened  slowly.     If  backfiri 

should  occur  between  low  and  high  speed  turn  the  automatic  i 

adjustment  to  the  left.    This  increases  the  tension  on  the  sprii 

which  control  the  automatic  air  valve.     The  automatic  air  val 

adjustment  disk  is  generally  set  so  that  the  large  spring  on  1 

automatic  valve  has  about  ^e-inch  play  between  the  adjusting  d: 

and  the  cap.    After  the  above  adjustments  are  made,  in  order 

prove  that  you  have  proper  fuel  supply,  press  with  the  finger 

the  automatic  air  valve,  allowing  the  motor  to  draw  in  surp] 

air.    If  motor  speeds  up  this  indicates  that  you  should  use  a  leai 

mixture  or  that  you  are  not  getting  enough  air.    The  automa 

air  valve  adjustment  disk  should  be  turned  to  the  right  until  1 

motor  begins  to  reduce  speed  or  backfires.     Then  turn  the  di 

back  again  to  the  right  until  the  motor  runs  smoothly.    This  shoi 

be  done  with  throttle  about  one-eighth  open. 

Automatic  Speed  Regulators. — On  some  forms  of  automobil 
especially  those  adapted  for  commercial  work,  such  as  taxicabs  a 
motor  trucks,  it  is  desirable  to  provide  means  for  keeping  the  mol 
from  exceeding  a  certain  predetermined  speed.  This  is  usua! 
accomplished  by  some  form  of  governor  acting  on  the  throt 
which  regulates  the  amount  of  gas  supplied  to  the  engine.  Soi 
j  of  the  governors  are  driven  directly  by  the  motor,  others  are 
mechanical  connection  with  some  moving  parts  of  the  vehic 
There  are  very  few  pleasure  cars  at  the  present  time  that  ha 
an  automatic  speed  governing  means  as  the  improvement  in  ci 
I  buretors  has  been  such  that  it  is  possible  to  secure  close  regulati 
j  of  the  engine  by  the  usual  accelerator  pedal  or  hand  throttle  lev 
A  hydraulic  governor  is  used  in  some  models  of  the  Packard  tru< 
this  consisting  of  a  chamber  carrying  a  diaphragm  against  whi 
the  stream  of  cooling  water  from  the  circulating  pump  imping 
When  the  speed  of  the  engine  becomes  too  great,  it  is  appare 
that  the  flow  of  cooling  water  will  be  more  rapid,  in  which  qi 
the  pressure  against  the  diaphragm  may  be  sufficiently  great 
dose  the  carburetor  throttle  and  thus  reduce  the  engine  speed. 
A  form  of  automatic  speed  governor  which  may  be  mechanical 
actuated  by  a  flexible  shaft  connection  from  the  veYvicV^  to^^  -vV^ 
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or  from  some  rotating  part  of  the  transmission  mechamsm  or ; 
plant  is  shown  at  Fig.  203.  This  is  intended  to  be  carried  i 
Bide  of  the  intake  manifold  and  regulates  the  throttle  shuti 
centrifugal  force.  The  drive  shaft  mounted  on  ball  bearing 
ries  a  governor  of  such  form  that  as  the  weights  spread  apar 
to  augmented  motor  speed,  they  will  lift  a  plunger  which 
a  bell  crank  that  transfers  the  vertical  movement  of  the  go* 
push  rod  to  a  horizontal  movement  of  the  throttle  actuatin| 
The  throttle  shutter  stem  is  in  the  form  of  a  pinion  which  d 
with  a  rack  carried  by  the  throttle  actuator.  The  function  < 
coil  spring  at  the  end  of  the  actuator  is  to  keep  that  member  t 
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kack  and  the  throttle  open.  When  the  vehicle  speed  becom 
f  higher  than  that  for  which  the  device  is  set,  the  bell  crank  w 
be  raised  by  the  weight  actuated  plunger  and  the  throttle  val 
do8^  nntil  the  engine  speed,  which  is  reduced  as  the  gas  supp 
18  diminished,  slows  down  the  fast  running  vehicle.  If  desin 
it  is  possible  to  drive  the  governor  from  the  engine  shaft,  in  whi 
ease  it  will  regulate  engine  speed  rather  than  be  actuated 
the  vehicle  speed.  An  adjustment  is  provided  at  the  top  of  t 
device  by  which  it  may  be  set  for  various  speeds  as  desired. 

Systematic  Location  of  Carbnretion  Faults. — Having  on 
learned  how  to  adjust  a  carburetor  to  supply  the  properly  propc 
tioned  mixture  for  diflferent  operating  conditions,  the  repairmj 
will  realize  that  he  has  found  a  remedy  for  many  motor  ills,  I 
cause  a  large  proportion  of  motor  troubles,  such  as  misfiring,  bac 
firing  in  the  carburetor,  loss  of  power,  etc.,  are  generally  due 
aome  faulty  adjustment.  There  are,  to  be  sure,  a  number  of  oth 
troubles  likely  to  occur,  and  while  the  symptoms  are  similar 
those  caused  by  ignition  system  faults,  the  operator  who  is  f amili 
with  carburetor  action  should  have  no  trouble  in  locating  the 
quickly  and  ascertaining  positively  if  they  are  the  result  of  faul 
carburetor  action  or  due  to  the  ignition  system.  Taking  up  t 
various  causes  which  contribute  to  loss  of  power,  misfiring  ai 
trouble  in  starting  the  motor,  we  have :  dirt  or  water  in  the  cf 
buretor,  clogged  fuel  pipe,  obstructed  spraying  nozzle,  clogged  gas 
line  filter,  leaky  metal  float  or  fuel  logged  cork  float,  poor  or  stf 
gasoline,  a  loose  throttle  valve  or  connection  and  air  leaks  in  t 
inlet  manifold.  If  the  motor  refuses  to  start  and  the  igniti* 
system  is  known  to  be  in  good  condition,  the  fuel  tank  may 
emptied,  the  gasoline  line  shut-oflf  valve  closed  (it  may  jar  part 
or  wholly  in  the  **off"  position),  there  may  be  dirt  or  water 
the  carburetor  or  a  choked  fuel  pipe,  or  perhaps  the  fuel  level 
t(K>  low  in  the  float  chamber.  As  a  cold  motor  and  stale  fuel  a 
the  most  common  hindrances  to  prompt  starting,  the  first  step 
to  prime  the  carburetor  and  fill  the  float  chamber  with  fresh  gas 
line.  Almost  every  carburetor  is  provided  with  a  ** tickler,"  ai 
in  most  cases  priming  is  all  that  is  needed  to  supply  gasoli: 
Qiougfa  to  insure  prompt  starting  of  the  motor. 
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However,  if  the  motor  still  refuses  to  operate  the  trouble  i 
deeper  seated  and  should  be  found  by  a  systematic  search.  Tl 
locate  the  trouble  without  undue  delay  the  various  parts  of  d^ 
fuel  system  should  be  examined  in  turn.  First,  the  tank  ah^ 
be  looked  into  to  see  if  it  contains  sufScient  fuel.  The  filter  screa 
of  the  carburetor  should  be  removed  and  cleaned,  since  the  flai 
mesh  is  very  likely  to  become  clogged  with  dirt  or  lint  filtered  Oi| 
of  the  fuel.  If  the  wire  gauze  is  in  good  condition,  examine  fli 
pipe  line  for  obstruction.  Test  the  supply  pipe  by  opening  th 
drain  cock  under  the  float  bowl  of  the  carburetor;  if  the  pipei 
constricted,  but  little  or  no  fuel  will  be  forthcoming.  If  no  gaaoli^ 
issues  and  there  is  plenty  of  fuel  in  the  tank  and  one  is  sure 
drain  cock  is  not  stopped  up,  it  is  reasonable  to  assume  that 
supply  pipe  is  choked  and  it  should  be  removed  and  cleared  out 
previously  described.  If  the  obstruction  is  not  in  the  pipe  it 
be  located  in  the  shut-off  valve,  or  perhaps  in  the  fuel  line  filt 

An  obstructed  spraying  nozzle  or  jet  will  sometimes  be 
the  cause  of  trouble,  as  the  opening  in  this  standpipe  is  very 
even  a  tiny  particle  of  foreign  matter  will  be  enough  to  com 
the  orifice  and  so  deprive  the  motor  of  the  proper  amount  of 
Flooding  the  carburetor  will  sometimes  dislodge  the  obstnu 
but  if  it  does  not  the  spray  nozzle  should  be  removed  and  a 
wire  poked  through  from  one  end  to  the  other.     Compressed 
may  be  used  as  previously  outlined.    Fine  particles  of  lint, 
times  work  through  the  strainer  and  collect  into  a  ball,  which 
about  and  is  drawn  into  the  nozzle  by  the  suction  of  the 
In  cases  of  this  sort  the  motor  will  start  easily,  but  invj 
commences  to  misfire,  slow  down,  and  finally  come  to  a  stop. 
peculiar  behavior  is  caused  by  the  greater  suction  at  high 
which  draws  the  foreign  matter  in  the  jet  and  so  chokes  the 
but  as  the  motor  slows  down  and  the  suction  decreases  the 
struction  will  fall  away  from  the  jet  opening.     It  is  80i 
possible  to  remedy  this  trouble  by  racing  the  motor  and 
the  throttle  valve  suddenly,  which  will  give  momentary  in< 
suction,  often  sufficient  to  suck  the  particles  of  lint  throii|^ 
nozzle  opening. 
It  may  he  observed  that  in  those  carburetors  where  no  fuel 
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lating  means  is  provided,  that  the  height  of  liquid  in  the  sprayi 

jet  is  an  important  adjustment.    The  repairman  should  not  be  1 

hasty  about  altering  the  position  of  the  spray  nozzle  in  the  mixi 

chamber.    If  the  jet  is  placed  too  high  the  fuel  level  will  be  c< 

fliderably  lower  than  it  should  be,  and  while  the  nozzle  will  tt 

feed  enough  gasoline  for  high  speeds,  owing  to  the  increased  si 

tion,  the  vacuum  created  at  low  velocity  will  not  be  suflScient 

draw  up  the  required  quantity  of  fuel.   On  the  other  hand,  if  t 

nozzle  is  placed  too  low,  the  fuel  level  will  be  raised  unduly  a 

the  carburetor  will  show  a  tendency  to  flood.    As  the  proper  i 

JQstment  can  be  determined  only  by  experimenting,  when  the  noz 

is  so  adjusted  that  the  motor  will  get  the  proper  amount  of  fi 

at  both  high  and  low  piston  speeds  the  spray  jet  should  not 

disturbed  again.    The  only  way  it  is  possible  to  raise  the  noz 

is  by  inserting  thin  washers  made  of  brass  or  copper  shim  stc 

between  the  spray  nozzle  and  its  seat.     The  only  way  the  noz: 

can  be  lowered  is  by  removing  the  packing  washers,  sometin 

placed  between  the  nozzle  and  its  seat  in  the  mixing  chamb 

Alteration  of  nozzle  position  is  work  for  the  carburetor  expert  on 

If  the  repairman  notices  continuous  flooding  or  dripping 

the  carburetor,  this  indicates  either  a  badly  seated  needle  valve. 

leaking  metal  float,  or  a  fuel-soaked  cork  float.    If  the  float  conti 

valve  itself  is  at  fault,  this  is  probably  due  to  poor  seating.    T 

valve  should  be  carefully  ground  in  by  using  a  small  amount 

powdered  grindstone  dust  and  oil.     When  doing  this  work,  C£ 

should  be  taken  to  keep  the  valve  stem  in  a  vertical  position,  a; 

when  finished  both  the  valve  and  its  seat  should  be  smooth  a 

bright.     If  the  valve  spindle  is  bent,  remove  the  float,  place  t 

bent  spindle  on  a  block  of  wood,  carefully  straighten  it  with  a  fi 

taps  from  a  light  hammer.     This  applies  more  to  the  form 

valve  passing  through  the  center  of  the  float  as  indicated  at  P: 

201,  B,  than  to  the  type  shown  at  Figs.  199  or  200.    In  cases 

continual  flooding  examine  a  metal  float  for  minute  holes  or  lea! 

seams,  which  must  be  soldered  up.    Owing  to  the  extreme  thinnc 

of  a  hollow  metal  float,  care  must  be  taken  to  heat  the  metal 

little  as  possible.    As  instructions  will  shortly  be  given  for  repai 

ing  metal  floats  and  Bnding  the  leak,  no  trouble  aVvo\x\d  'Hi^  ^t^^ 
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enced  in  making  repairs  to  this  member.  The  use  of  hard  or  silni 
solder,  which  requires  a  blow  pipe  or  torch,  should  be  left  to 
suflSciently  skilled  to  manipulate  the  heating  member  proj 
In  order  not  to  disturb  the  balance  of  the  float,  only  a  little  sol( 
should  be  used,  and  care  should  be  taken  that  none  drops  insidi 
the  float  shell. 

Mention  has  been  previously  made  of  the  way  a  cork  float 
gradually  absorb  the  liquid  owing  to  its  porous  nature  and  how 
will  lose  its  buoyancy  when  it  is  fuel  soaked.     The  remedy  ii 
simple  one,  the  cork  being  placed  in  a  moderate  oven  so  it  will 
thoroughly  dried  out  and  afterward  it  is  given  a  couple  of  coats < 
shellac  to  make  it  liquid  proof.    It  will  be  found  that  shellac 
solved  in  grain  alcohol  will  resist  the  action  of  gasoline 
than  that  dissolved  in  wood  alcohol.     In  some  carburetors, 
float  is  carried  directly  by  the  needle  valve  spindle,  which 
the  valve  at  the  top  so  that  it  may  close  the  fuel  opening 
the  gasoline  reaches  the  proper  level     If  the  level  is  too  low 
float  may  be  shifted  on  this  spindle  to  ride  at  a  slightly 
level  which  permits  the  float  chamber  to  flU  up  more.    If  the 
level  is  too  high  the  float  may  be  lowered  on  its  spindle  in 
to  close  the  valve  sooner  or  when  the  float  chamber  has  h 
line  in  it. 

A  cause  of  trouble  in  which  no  control  of  the  motor  msf , 
had  by  moving  the  throttle  lever  is  due  to  loose  throttle 
tion.  It  sometimes  happens  that  the  set  screw  used  to  fasten  j 
butterfly  or  disk  valve  to  its  spindle  becomes  loose  and  allons 
shutter  to  shift  about  and  thus  partially  or  wholly  cloee  the 
ing.    In  this  case  the  motor  cannot  be  speeded  up.    If  the 
drops  into  the  pipe  in  such  a  way  that  it  does  not  obstmet 
any  extent  it  will  be  found  impossible  to  slow  down  the 
there  is  no  means  of  cutting  off  the  supply  of  gas  to  the 
If  the  mixture  volume  is  controlled  by  a  sliding  shutter 
Schebler  model  E  carburetor,  shown  at  Pig.  194,  B,  this 
stick  in  either  the  open  or  closed  positions,  in  one  case 
the  motor  to  speed  up  to  its  limit,  in  the  other  extreme  it  wittj 
vent  speeding  up.    Troubles  with  the  throttle  valve  or 
are  easily  recognized  because  tte  motor  will  refuse  to 
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the  movement  of  the  hand  lever.  An  uncommon  source  of  troul 
may  be  a  bit  of  stray  waste  left  near  the  intake  opening  or  t 
primary  air  supply  when  cleaning  the  motor.  This  waste  may 
sacked  into  the  air  opening  and  will  cause  trouble  by  reduci 
the  amount  of  air  supplied  the  mixture.  Air  screens  also  cl 
with  dirt  at  times. 

It  is  a  fact  well  known  to  experienced  repairmen  and  motorii 

tiiat  atmospheric  conditions  have  much  to  do  with  carburetor  i 

tion.     It  is  often  observed  that  a  motor  seems  to  develop  mc 

power  at  night  than  during  the  day,  a  circumstance  which  is  j 

tributed  to  the  presence  of  more  moisture  in  the  cooler  night  a 

Likewise,  taking  a  motor  from  sea  level  to  an  altitude  of  10,0 

feet  involves  using  rarefied  air  in  the  engine  cylinders  and  ; 

mospheric  pressures  ranging  from  14.7  pounds  at  sea  level  to  1( 

pounds  per  square  inch  at  the  high  altitude.    All  carburetors  vi 

require  some  adjustment  in  the  course  of  any  material  chan 

from  one  level  to  another.    Great  changes  of  altitude  also  have 

marked  effect  on  the  cooling  system  of  a  car.    Water  boils  at  2 

degrees  F.  only  at  sea  level.    At  an  altitude  of  10,000  feet  it  "^ 

boil  at  a  temperature  nineteen  degrees  lower,  or  193  degrees 

In  high  altitudes  the  reduced  atmospheric  pressure,  for  5,0 

feet  or  higher  than  sea  level,  results  in  not  enough  air  reach! 

the  mixture,  so  that  either  the  auxiliary  air  opening  has  to 

increased,  or  the  gasoline  in  the  mixture  cut  down.     If  the  u« 

is  to  be  continually  at  high  altitudes  he  should  immediately  pi 

chase  either  a  larger  dome  or  a  smaller  strangling  tube,  mentic 

ing  the  size  carburetor  that  is  at  present  in  use  and  the  type 

motor  that  it  is  on,  including  details  as  to  the  bore  and  strol 

The  smaller  strangling  tube  makes  an  increased  suction  at  the  spr 

nozzle;  the  air  will  have  to  be  readjusted  to  meet  it  and  you  c 

use   more  auxiliary  air,  which  is  necessary.     The  effect  on  t 

motor  without  a  smaller  strangling  tube  is  a  perceptible  sluggij 

ness  and  failure  to  speed  up  to  its  normal  crankshaft  revolutioi 

as  well  as  failure  to  give  power.     It  means  that  about  one-thi 

of  the  regular  speed  is  cut  out.    The  reduced  atmospheric  pressu 

reduces  the  power  of  the  explosion,  in  that  there  is  not  the  sai 

quantity  of  oxygen  in  the  combustion  chamber  as  at  sea  level*, 
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increase  the  amount  taken  in,  you  must  also  increase  the  gasoline 
speed,  which  is  done  by  an  increased  suction  through  the  smaller 
strangling  aperture. 

Frost  on  Intake  Manifold  and  Carburetor. — This  phenomenon 
occurs  when  the  carburetor  is  delivering  a  good  mixture  and  there 
is  moisture  in  the  atmosphere.  The  cold  of  the  vacuum  in  the 
manifold  and  carburetor,  created  by  the  suction  stroke  of  the 
motor,  absorbs  whatever  warmth  may  exist  in  the  air  coming  in 
so  rapidly  that  the  suspended  moisture  in  the  air  outside  is  con- 
densed and  deposited  on  the  outside  of  the  manifold  in  the  same 
way  as  a  pitcher  of  ice  water  ** sweats"  in  summer.  The  carbure- 
tion  must  be  good  if  this  condition  takes  place.  If  there  is  no 
frost  on  the  manifold,  the  carburetion  may  still  be  good  and  low 
grade  gasoline  be  the  reason  for  the  non-existence  of  the  frost,  as 
the  poor  gasoline  will  not  evaporate  until  it  comes  in  contact  witt 
the  hot  cylinder  walls.  While  frost  is  indicative  of  a  good  mix 
ture,  still  it  shows  the  presence  of  atmospheric  moisture  and  ir 
this  way  is  a  warning  that  the  air  should  be  dried  out  before  reach 
ing  the  carburetor  to  obtain  the  best  results  from  this  good  mix 
ture.  The  easiest  and  most  effective  method  of  drying  the  air  ii 
the  COLMAC  system  of  a  clamp  on  the  exhaust  pipe  and  the  aii 
conveyed  from  it  to  the  carburetor  through  a  flexible  tube,  ai 
shown  at  Fig.  208,  A. 

Soldering  a  Metal  Float. — In  repairing  or  making  sheet  meta 
floats,  such  as  are  used  in  the  gasoline  chamber  of  the  float  feec 
carburetor,  one  often  experiences  some  diflSculty  in  sealing  up  th< 
small  vent  which  makes  the  float  air  and  liquid  tight.  When  i 
metal  float  Alls  with  gasoline,  it  becomes  heavier  and  the  float  leve 
is  altered  so  it  is  imperative  that  the  fuel  be  expelled  from  th< 
interior  and  the  hole  sealed.  The  usual  way  to  do  this  is  to  firsi 
locate  and  enlarge  the  hole  through  which  the  fluid  reached  th< 
float  interior.  To  locate  a  leak,  the  float  is  held  under  the  surface 
of  boiling  water,  which  evaporates  some  of  the  gasoline  inside  th< 
float  and  evolves  a  gas  which  indicates  the  hole  by  escaping  througli 
it,  because  of  the  pressure  inside  the  float.  The  hole  is  then 
marked,  and  made  larger  with  a  needle  drill.  Another  small  hok 
is  made  in  the  float  so  the  interior  can  be  thoroughly  cleared  Old 
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by  air  pressure  or  by  placing  the  float  in  an  oven  where  the  he 
irill  evaporate  the  gasoline.  After  the  float  is  emptied,  it  is  nec< 
sary  to  close  up  the  openings.  This  may  be  done  with  an  ordina 
soldering  iron,  though  most  mechanics  having  the  facilities  prei 
to  braze  the  opening  because  by  this  means  one  can  seal  it  a: 
use  a  minimum  of  metal,  which  is  not  liable  to  upset  the  balan 
of  the  float  and  interfere  with  the  level  in  the  spraying  tube, 
brazing  a  joint  or  vent  in  a  perfectly  tight  receptacle,  the  job 
often  a  failure  because  the  air  contained  in  the  float  becomes  heat 
and  produces  a  pressure  that  may  result  in  having  bubbles  in  t 
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Fig.  204.— Method  of  Bracing  HoUow  Metal  Float. 

brazed  seal.  To  make  it  possible  to  close  the  opening  in  a  positi 
manner,  the  copper  or  brass  float  may  be  placed  in  a  box  of  i< 
as  shown  at  Fig.  204,  this  tending  to  keep  the  air  contained  in  t 
float  oool  despite  the  heat  imparted  to  the  float  by  the  brazi: 
flame. 

Emergency  Manifold  Eepair.— It  is  not  difficult  to  repair 
leak  in  a  built-up  manifold  of  brass  or  copper  tubing  owing  to  t 
ease  with  which  these  materials  may  be  soldered  or  brazed.  Wh 
the  manifold  is  a  casting,  as  on  the  engine  shown  at  Fig.  205, 
is  not  easy  to  repair  a  break  if  the  member  is  of  aluminum  whi 
is  the  material  commonly  used  for  this  purpose.  While  it  is  n 
impossible  to  solder  aluminum,  the  necessary  solder  and  fli 
are  not  apt  to  be  at  hand  and  in  addition,  the  opexatOT  mwsX. 
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Carburetor  InstaUation  407 

1  an  np-to-date  ignition  Bystem  often  tramftmns 
one  that  will  give  very  satisfactory  results.  While 
es  of  carburetors  may  be  secured  in  sizes  that  will 
d  cars,  it  is  sometimes  necessary  to  adapt  a  special 
engine  for  which  it  was  not  intended.  Perhaps 
ing  device  is  larger  than  the  one  it  is  to  replace 


.      ...       -^^^ 
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oent  of  the  air  valve  or  float  chamber  may  be 
not  be  installed  in  the  same  way  as  the  one  orig- 
with  the  power  plant.  A  typical  carburetor  in- 
rly  shown  at  Fig.  206.  It  will  be  observed  in  this 
t  manifold  is  of  T  form,  having  a  very  short  stem, 
baretor  is  placed  close  to  tlie  cylinders.  If  it  were 
re  this  member  with  one  of  different  make  V\,  nuii^ 
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be  difficult  to  have  the  new  carburetor  fill  exactly  the  same  space 
and  bolt  to  the  manifold  in  the  same  way  as  the  old  one. 

In  cases  of  this  kind  some  rearrangement  of  parts  would  be 
necessary  and  special  adapter  fittings  might  be  needed.    A  num- 
ber of  these  is  shown  at  Fig.  207.    Some  carburetors  have  a  thread 
cut  on  the  outlet  pipe  instead  of  a  flange,  and  if  the  old  device 
were  of  the  flange  type  an  adapter  fitting  would  be  necessary  to 
enable  one  to  install  the  new  mixer.     For  instance,  if  the  outlet 
pipe  had  a  male  thread,  the  female  horizontal  fitting  shown  would 
be  necessary.    If  the  outlet  pipe  were  provided  with  an  internal 
thread,  it  would  be  necessary  to  use  the  male  horizontal  fitting. 
While  these  are  devised  for  side  outlet  carburetors,  they  may  be 
used  equally  well  with  top  outlet  carburetors  having  a  threaded 
outlet  pipe.    It  is  sometimes  necessary  to  couple  a  top  outlet  car- 
buretor where  a  side  outlet  was  formerly  used.    In  this  case  the 
female  vertical  fitting  would  be  necessary  with  a  male  threaded 
outlet  pipe,  while  the  male  vertical  fitting  would  be  needed  with 
a  carburetor  having  an  internally  threaded  top  outlet.     Fittings 
of  this  nature  are  also  made  with  a  flange  at  each  end  instead  of 
with  a  flange  at  one  end  and  a  thread  at  the  other.  ^  It  is  often 
necessary  to  use  a  carburetor  slightly  larger  than  that  supplied 
with  the  engine,  or  vice  versa.    In  this  case  fittings  having  a  dif- 
ferent size  hole  at  each  end  are  needed.    The  one  illustrated  has 
a  lj4-iDch  standard  pipe  connection  at  one  end  to  receive  an  exter- 
nally threaded  outlet  pipe  while  the  flange  is  the  standard  size 
for  a  one-inch  carburetor.     Suppose  it  is  necessary  to  couple  a 
carburetor  having  a  flange  pointing  in  one  direction  to  a  manifold 
in  which  tlie  flange  was  at  right  angles  to  that  on  the  carburetor. 
In  cases  of  this  kind  the  double  flange  fitting  shown  would  permit 
of  attaching  tlie  carburetor  to  the  manifold.     While  a  number 
of  standard  dimensions  have  been  proposed  for  carburetor  flanges 
and  corresponding  members  on  manifolds,  there  is  still  consider- 
able variance  in  flange  sizes  for  the  same  size  carburetors.    In  the 
lower  part  of  Fig.  207  a  typical  flange  is  outlined  with  the  di- 
mensions indicated  by  letters.     Tlie  dimensions  for  different  sizef 
of  Breeze  carburetors  that  correspond  to  the  letters  may  be  clearlj 
ascertained  from  the  tabulation  beneath  the  cut. 
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It  is  very  important  when  the  low  grade  fuels  that  are 
supplied  at  the  present  time  are  used  to  supply  some  form 
preheating  arrangement  for  the  primary  air  in  order  to 
prompt  vaporization.  While  all  of  the  new  engines  are  being 
up  in  this  manner,  a  large  number  of  ears  are  in  daily  use  that 
not  have  this  desirable  refinement  of  detail.  When  trouble 
experienced  due  to  the  use  of  cold  air,  especially  in  cold  w< 
the  repairman  may  often  suggest  the  use  of  the  warm  air  at 
ment  as  a  practical  remedy  for  the  trouble.  A  typical  at 
ment  of  this  nature  is  shown  at  Fig.  208,  A.  This  consists  of 
clamp  member  adapted  to  bolt  around  the  exhaust  pipe  and  sap] 
the  warm  air  to  the  primary  air  intake  of  the  carburetor 
a  length  of  flexible  metallic  pipe.  These  fittings  may  be  obi 
to  fit  various  sizes  of  exhaust  pipe,  and  for  different  carbi 
The  one  shown  at  A  is  suitable  for  the  Breeze  carburetor,  and 
installed  as  indicated  at  E. 

When  piping  from  the  fuel  tank  to  the  carburetor  it  is 
desirable  to  include  a  filter  or  strainer  in  the  pipe  line  in 
to  prevent  dirt  from  passing  into  the  carburetor.  This  is 
refinement  that  is  found  on  practically  all  cars  of  recent 
f acture,  but  which  was  often  omitted  on  earlier  models.  Two  fc 
of  these  filtering  devices  are  shown  at  Fig.  208.  That  at  C  k 
form  that  insures  the  most  positive  separation  on  account  of 
three  filtering  screens.  The  gasoline  from  the  tank  enters 
intake  pipe  and  follows  the  course  indicated  by  the  arrows 
the  filter  screens  and  back  into  the  pipe  line  through  the  oi 
opening.  Any  sediment  or  dirt  will  collect  in  the  lower 
of  the  device  and  may  be  drained  off  by  opening  the 
A  simpler  device  operating  on  the  same  principle  is  shown  at 
In  this  case  the  gasoline  enters  the  lower  portion  or  settling 
ber,  where  dirt  and  water  will  fall  to  the  bottom  on  accomit 
their  weight,  and  only  clean  fuel  that  can  pass  through  the 
gauze  used  as  a  strainer  can  fiow  out  of  the  outlet  opening  to 
carburetor.  Care  should  be  taken  in  installing  carburetors  to 
using  pipe  fittings  having  sharp  bends  unless  absolutely 
Very  often  all  the  added  efficiency  that  can  be  obtained  by 
ing  carburetors  will  be  lost  when  installing  a  new  one  due  to" 
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IB. — mnatntlBs  the  Ua«  of  Hot  Air  Connection  for  Oarbvntoi 
and  Braeia  Stralneti  for  Use  In  Pipe  Iilnes. 


elbows  or  other  fittings  of  this  nature,  which  impede  the 
gas.  While  it  is  unavoidable  in  some  cases,  such  as  when 
DOtlet  carburetor  is  to  be  adapted  to  a  manifold  intended 
r  a  top  outlet  form,  endeavor  should  always  be  made  to 
I  carburetor  of  the  same  general  pattern  as  that  removed. 
lie  made  by  iiiaq7  r^ainnen  when  changing  ovei  iuA^iv^ 
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is  to  use  tubing  having  too  small  bore  or  to  use  material  that 
a  seam  running  its  entire  Isngth.  Only  the  best  annealed 
copper  tubing  should  be  used  for  fuel  lines,  and  this  must  l 
the  seamless  form.  Hard  brass  tubing  or  standard  brass  pi] 
apt  to  crystallize  and  break,  due  to  vibration,  whereas  the 
copper  tubing  can  be  bent  more  easily  to  clear  parts  of  the  mec 
ism  or  cross  members  of  the  frame,  and  is  not  liable  to  kinl 
when  bending  as  the  hard  tube  is.  Tubing  having  J^-inch  (, 
inch)  bore  will  be  satisfactory  for  small  engines  such  as  use< 
motorcycles,  but  for  the  range  between  ten  and  twenty-five  h 
power  the  tubing  should  have  at  least  J^-ii^cli  (.250-inch)  1 
For  larger  engines  tubing  with  a  bore  of  %e  i^ch  or  }i  inch 
be  suflScient.  The  piping  conveying  compressed  air  or  exhaust 
to  produce  pressure  in  the  fuel  tank  should  be  larger  than 
employed  to  convey  the  fuel,  the  larger  sizes  being  needed 
the  exhaust  gas  system  on  account  of  its  pressure  being  lower  i 
the  air  stream  from  a  pump.  All  fittings  should  not  onl]| 
threaded  on,  but  should  be  soldered  as  well  to  insure  tight  jo 
Care  should  be  taken  to  fasten  the  fuel  pipe  to  the  fram< 
substantial  metal  clips,  so  that  it  cannot  vibrate,  which  may  c 
the  joints  to  open  up  and  leak. 

Simple  Oiling  Systems. — Insufficient  lubrication  or  the  us 
poor  lubricating  oil  will  produce  the  same  overheating  sympi 
that  defects  in  the  cooling  system  do.  There  is  this  advant 
when  the  troubles  are  caused  by  poor  lubrication,  it  is  very 
to  trace  the  trouble  owing  to  the  simplicity  of  practically 
of  the  modem  methods  of  engine  lubrication.  A  prominent 
manufacturer  claims  that  all  of  the  lubricating  lefystems  in 
may  be  divided  into  ten  classes,  as  follows:  No.  1,  simple  spl 
No.  2,  constant  level  splash ;  No.  3,  pump  over  and  splash ;  N 
force  feed  and  splash;  No.  5,  pump  over;  No.  6,  separate  I 
feed ;  No.  7,  force  feed ;  No.  8,  full  force  feed ;  No.  9,  slide  v 
motor;  No.  10,  oil  fed  with  fuel.  It  is  contended  that  the  c 
acter  of  the  lubricating  system  employed  is  an  important  | 
to  be  considered  in  selecting  suitable  grades  of  oil,  but  while 
is  true  to  a  certain  extent,  it  is  not  necessary  to  diffeientiat 
closely  as  most  oil  manufacturers  advise  between  the  varioni 
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terns,  as  careful  analysis  of  their  published  recommendation 
shows  the  same  oil  to  be  recommended  for  engines  having  tol 
different  lubricating  systems  in  some  cases.  The  writer  belie 
that  it  is  not  necessary  to  divide  the  lubricating  systems  into  moi 
than  two  general  groups,  these  being  the  ** circulating"  system  in 
the  **all  loss"  system.  In  the  former  the  oil  originally  supplied  fh 
container  or  sump  of  the  motor  is  used  over  and  over  again,  bdqj 
circulated  to  the  bearing  surfaces  in  contact  by  the  moving  parf 
themselves,  or  by  some  positive  form  of  circulating  pump.  In  ill 
other  group  the  crankcase  of  the  motor  is  filled  to  a  fixed  lertj 
The  lubrication  of  all  parts  takes  place  by  splash,  and  the  lo^ 
is  made  good  by  feeding  oil  into  the  crankcase  from  some  auxiliaij 
source.  In  the  **all  loss"  systems  the  object  is  to  feed  the  lubricaiq 
into  the  crankcase  at  about  the  same  rate  as  it  is  consumed, 
oil  has  been  used  for  a  time  in  a  circulating  system  it  is  m 
to  drain  oflf  the  crankcase  and  thoroughly  clean  out  that  mei 
after  four  or  five  hundred  miles  running,  as  the  oil  depi 
in  value  as  it  is  used.  In  the  **all  loss"  systems  it  is  not  m 
to  drain  out  the  crankcase  as  often  as  in  the  circulating 
because  of  the  constant  addition  of  fresh  oil.  The  principal 
classification  may  be  understood  by  referring  to  the  simple 
systems  outlined  at  Fig.  209.  That  at  A  may  be  consideradv 
good  example  of  an  **all  loss"  system  in  which  the  oil  is 
to  drip  into  the  crankcase  from  a  reservoir  to  replenish  that 
in  lubrication.  It  will  be  observed  that  the  crankcase  is  fiUed 
a  certain  height  and  that  the  connecting  rod  will  dip  into 
oil  at  the  end  of  every  down-stroke  of  the  piston.  As  it 
through  the  oil  it  throws  it  about  in  the  engine  interior,  and 
lubricates  all  moving  parts.  In  order  to  supply  more  oil  when 
engine  speeds  up,  the  oil  feed  regulating  valve  is  adapted  to 
raised  by  an  inclined  plane  connected  with  the  throttle  as  it 
opened  to  accelerate  the  engine  speed.  This  method  was  used  |j 
some  of  the  early  Ilupmobiles. 

Another  example  of  an  **all  loss"  system  with  individual 
to  some  of  the  bearing  points  from  a  sight  feed  lubricator  is 
at  B.    In  this  case  the  lubricant  is  carried  in  a  tank  from 
it  28  supplied  to  the  sight  feed  manifold  fitting  by  displ 
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dne  to  exhaust  gas  or  air  pressure  directed  against  the  oil  in  t 
Unk.  The  pipes  lead  to  bearing  points  in  some  cases,  to  t 
engine  cylinders  or  crankcase  in  others.  The  amount  pasaii 
Ibroiigh  may  be  regulated  by  adjusting  needles  at  the  top  of  i. 
mutifold  fitting. 

An  example  of  a  simple  circulating  system  is  shown  at  Fi 
209,  C.  In  this  the 
bottom  of  the  crank- 
ease  acts  as  a  sump  or 
oil  container.  When 
the  engine  is  started, 
&  gear  pump,  which 
is  positively  driven 
by  the  engine,  draws 
oil  from  the  sump 
through  a  pipe  con- 
nected to  a  filtering 
screen.  It  is  dis- 
chai^^  from  the 
pump  through  a  tube 
leading  to  a  sight  feed 
fitting  or  circulation 
indicator  on  the  dash. 
From  this  it  goes  to 
the  troughs  under  the 
connecting  rods,  keep- 
ing these  filled  to  a 
constant  level,  the  sur- 
plus oil  overfiowing  pjg  21a— Saxon  Vtcnnin  r«ed  Oiling  Byvta 
back    into    the    sump. 

A  representative  flywheel  splash  system  is  shown  at  Fig.  2; 
A,  In  this  the  bottom  of  the  engine  is  inclined  to  form  a  w 
in  which  the  flywheel  runs.  In  turning,  the  flywheel  projects  t 
oil  which  it  lifts  by  adhesion  from  its  periphery  tangentially,  d 
to  centrifugal  force.  Part  of  the  oil  thrown  off  is  caught  by  a  tu 
opening  into  the  path  of  the  oil,  and  is  led  forward  to  a  main 
dnct  paasing  first  through  an  oil  feed  regulator  coii\.rQl\«4  \i's  ' 
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accelerator.  A  portion  of  the  oil  from  the  main  duct  is  conveyed 
to  the  cylinders,  the  remainder  is  directed  to  the  three  main 
bearings.  Passages  drilled  into  the  crankshaft  distribute  the  oil 
from  the  main  bearings  to  the  connecting  rod  big  ends.  Part  of  the 
oil  thrown  off  by  the  flywheel  is  deflected  against  the  transmission 
gears  by  the  gear  case  cover  and  part  flows  to  a  pocket  which 
lubricates  the  universal  joint.  A  pipe  leading  from  the  universal 
joint  to  the  bottom  of  the  crankcase  insures  the  return  of  the 
lubricant  to  the  bottom  of  the  crankcase. 

An  **all  loss"  system  in  which  the  feed  to  replenish  the  loss 
is  by  individual  leads  from  a  mechanical  oiler  is  outlined  at  Fig. 

211,  B.  While  this  system  was  formerly  very  popular,  it  has  been 
practically  done  away  with  at  the  present  time,  owing  to  mechanical 
complication  and  liability  of  trouble.  In  this  system  a-  main  oil 
pump  is  carried  by  the  oiler  casing  which  serves  to  house  the 
mechanism,  and  also  acts  as  a  container  for  lubricant.  The  pump 
supplies  the  top  of  the  manifold  fitting  through  a  main  feed  tube. 
The  various  feeds  are  regulated  by  needle  valves,  and  after  the 
supply  has  been  set  to  suit  the  oil  is  pumped  out  of  the  sight  feed 
glasses  by  individual  pumps  through  leads  which  go  to  the  cylin- 
ders and  to  the  front  and  rear  crankcase  compartment.  The  idea 
is  to  set  the  feed  so  that  oil  will  be  supplied  only  in  such  quantities 
as  are  necessary  to  make  up  the  loss. 

At  Fig.  211,  C,  a  lubricating  system  is  shown  in  which  oil  ifi 
pumped  from  a  sump  to  an  external  distributing  oil  tube  which 
leads  to  the  main  bearings,  and  which  also  supplies  a  lubricant  tc 
the  crankcase  interior.  An  internal  oil  feed  pipe  is  also  con- 
nected to  the  pump  and  is  used  to  fill  the  troughs  into  which  the 
connecting  rods  dip. 

The  Constant  Level  Splash  System. — The  illustration  at  Fig, 

212,  A,  shows  very  clearly  the  interior  of  an  engine  in  which  the 
constant  level  splash  system  of  lubrication  is  used.  The  supply  is 
carried  in  the  sump  integral  with  the  bottom  of  the  crankcase 
and  the  height  of  oil  is  clearly  indicated  by  an  oil  level  indicatoi 
which  is  actuated  by  a  small  float  submerged  into  the  oil.  As  long 
as  there  is  sufficient  oil  in  the  sump  the  oil  level  indicator  will  be 
at  the  top  of  the  gauge.    As  soon  as  the  supply  diminishes,  the 
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oil  level  indicator  will  follow  the  movement  of  the  float  anc 
show  the  deficiency  in  a  positive  manner.  It  will  be  observec 
the  oil  level  in  the  crankcase  is  determined  by  the  position  c 
overflow  pipe.  This  can  be  moved  in  such  a  way  as  to  alte 
level.  The  oil  is  drawn  out  of  the  sump  by  a  gear  oil  pum] 
directed  by  means  of  an  integral  oil  duct  to  the  main  bea 
of  the  engine. 

Distributing  Pump  Systems. — The  method  outlined  at 
212,  B,  is  a  circulating  system  in  which  the  various  bearing  j 
are  kept  lubricated  by  oil  drawn  from  a  sump  by  a  geare 
pump,  which  also  combines  a  distributing  mechanism  so  tl 
will  be  supplied  to  the  various  bearing  points  by  feeding 
of  the  oil  leads  in  turn.  Some  of  the  leads  go  to  main  beai 
others  supply  the  camshaft.  The  interior  of  the  engine  is  I 
cated  by  splash  as  the  connecting  rods  are  provided  with  spla 
at  the  lower  end  to  distribute  the  lubricant  around  the  e 
interior. 

Forms  of  Oil  Pumps. — The  important  element  of  all  th< 
culating  systems  is  the  pump  which  keeps  the  oil  in  circuL 
Pumps  have  been  made  in  various  forms,  the  two  main 
used  at  the  present  time  being  the  plunger  and  the  gear  p 
Various  applications  and  designs  of  pumps  are  shown  at  Fig. 
That  at  A  is  a  plunger  pump,  which  is  actuated  by  an  ecc< 
strap  passing  over  an  eccentric  on  the  camshaft.  As  the  cam 
revolves  the  pump  plunger  reciprocates  in  the  pump  barr 
cylinder.  Each  time  the  plunger  lifts  the  inlet  check  valve  p 
directly  over  the  intake  pipe  opens  and  oil  is  drawn  out  o 
sump,  first  passing  through  the  filter  screen,  until  it  filL 
space  in  the  pump  cylinder  left  by  the  upward  movement  o 
plunger.  When  the  plunger  descends,  a  check  valve  opens 
permits  the  oil  in  the  cylinder  to  pass  out  and  into  a  main 
tributing  duct.  The  splasher  or  scoop  used  on  most  engines 
its  path  through  the  oil  in  the  trough  is  clearly  shown  id 
view. 

The  pump  form  at  B  is  also  a  plunger  pump,  but  is  the 
where  a  separate  pump  is  provided  for  each  lead  from  the  m© 
j'cal  oiler.    The  pump  plunger  is  raised  by  a  cam  wUch  is  ro 
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by  worm  gearing.  When  the  pump  plunger  is  lifted  by  the  car 
the  inlet  check  valve  opens  and  permits  the  pump  cylinder  to  fill 
On  the  down  stroke  the  outlet  check  valve  opens  and  the  oil  flow 
through  the  sight  feed  fitting,  from  which  it  is  directed  to  thi 
bearing  points  through  separate  oil  pipes,  as  shown  in  the  systeii 
outlined  at  B,  Fig.  211. 

A  pump  of  the  geared  form  is  shown  at  C.  This  operates  oi 
exactly  the  same  principle  as  the  water  pump  of  the  same  patten 
previously  described.  A  feature  is  the  use  of  a  relief  check  valv 
which  will  permit  the  oil  to  by-pass  back  into  the  intake  portioi 
of  the  pump  when  the  pump  is  turning  at  such  high  speed  tha 
surplus  oil  at  higher  than  normal  pressure  is  being  supplied.  Th 
view  at  D  shows  the  application  of  the  mechanical  oiler  show: 
at  Fig.  213,  E.  This  is  somewhat  similar  in  principle  to  tha 
shown  at  B,  except  that  it  is  simpler  in  construction.  Mechanics 
lubricators  of  this  form  are  used  on  some  1911  and  1912  model 
of  the  Overland  car.  The  pump  plunger  is  actuated  by  a  yoke 
shaped  member,  the  horizontal  section  of  which  rests  on  a  cam 
The  camshaft  is  turned  by  mechanical  connection  with  the  engine 
and  as  it  rotates  it  lifts  the  yoke  and  the  plunger  attached  to  i 
against  the  resistance  of  a  yoke  returning  spring.  When  the  plun 
ger  reaches  the  top  of  its  stroke,  oil  will  feed  into  the  pump  cyl 
inder  through  the  two  openings  which  communicate  with  the  in 
terior  of  the  lubricator.  These  openings  are  automatically  shut  of 
as  soon  as  the  pump  plunger  starts  to  descend.  An  exhaust  checl 
plunger  opens  when  the  pump  plunger  descends,  and  permits  th 
oil  to  flow  past  it  through  the  feed  tube  to  the  motor.  The  amoon 
of  oil  displaced  by  the  plunger  depends  upon  its  eflfective  stroke 
An  adjustment  nut  is  provided  which  permits  one  to  vary  thi 
amount  the  plunger  will  descend  in  the  pump  cylinder,  though  i 
will  always  rise  to  the  same  height  as  determined  by  the  can 
profile.  This  type  of  oiler  is  very  satisfactory,  and  will  give  bul 
little  trouble  if  clean  lubricant  is  used.  Foreign  material  or  wa3 
in  the  oil  will  have  a  tendency  to  clog  the  feed  tube,  but  if  thi 
should  occur  it  will  be  indicated  by  the  plunger  remainin( 
up.  The  plunger  moves  up  slowly  but  drops  faster,  becaua 
of  the  action  of  the  yoke  spriiig.    It  y&  desirable  to  have  th 


Tyficat  Lubrication  Methodt  421 


422 


Automobile  Repairing  Made  Easy 


plunger  come  down  suddenly,  as  more  force  is  given  to  the^ 
discharge. 

The  lubricating  system  shown  at  Fig.  214,  A,  is  that  emp] 
on  the  Jeflfery  four-cylinder  motor.     As  is  true  of  all 
level  splash  systems,  the  oil  container  is  integral  with  the 
of  the  crankcase,  the  oil  is  drawn  from  that  part  by  the  pli 
oil  pump  actuated  by  the  camshaft  eccentric,  which  forces  the 
cant  through  a  duct  in  the  crankcase  upper  portion  from  whidi 
directed  to  camshaft  bearings,  main  bearings  and  oil  troughs 
which  the  connecting  rods  dip  when  they  reach  the  lower 
their  revolution.     The  circulation  of  oil  is  indicated  by  a 
on  the  dash  indicating  the  pressure.    The  amount  of  oil  avi 
in  the  sump  or  container  is  indicated  by  an  oil  level  gauge 
is  actuated  by  a  float  raised  and  lowered  as  the  supply  in< 
or  diminishes.    When  it  is  necessary  to  supply  new  oil, 
inserted  through  the  breather  pipe  on  the  side  of  the  crankc 

The  system  used  on  Abbott-Detroit  motor  cars  is  pra< 
the  same  as  that  used  on  the  Jeflfery  except  that  two  oil 
are  used.    The  view  at  B  is  an  end  sectional  diagram  ahoi 
portion  of  the  crankcase  and  sump.    The  general  arrange] 
the  entire  lubricating  system  may  be  clearly  ascertained 
ferring  to  the  longitudinal  view  at  Fig.  214,  C.     As  is 
most  systems  of  this  nature,  the  supply  of  lubricant  is  repl 
through  the  breather  pipe  which  is  provided  with  integrsUjj 
inclined  vanes  or  ledges  to  prevent  the  crankcase  compression 
ing  out  the  oil  mist.    The  level  indicator  or  gauge  is  It 
the  right  hand  side  of  the  engine,  between  the  second  and 
cylinders,  and  the  proper  level  to  maintain  is  between  ttoj 
and  low  points  of  the  gauge.    It  is  said  that  a  point  about 
below  the  high  level  mark  indicated  will  give  best  resolti. 
the  level  at  the  proper  height  there  will  be  about  nine  qnarii; 
in  the  reservoir,  a  point  which  must  be  considered  when 
lubricant  is  drained  out  and  replaced  by  new.     The 
classified  as  a  constant  level  splash  with  positive  plunger 
to  circulate  the  lubricant.    These  two  pumps  are  driven 
tries  on  the  camshaft,  one  pump  supplying  a  constant 
oil  to  the  rear  main  bearing,  the  other  pump  feeding 
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■iiig  and  timing  gear  compartment.  The  overflow  from 
g  drains  into  four  separate  troughs,  into  which  the  enda 
necting  rods  dip  as  they  rotate.  The  lubricant  is  main- 
a  constant  level  in  this  compartment  hy  the  use  of  over- 
from  Thieh  any  excess  Jubn'cant  drains  into  the  sim^- 
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All  lubricant  drawn  into  the  pumps  is  screened  before  it  is  alloi 
to  return  to  the  bearings.  The  object  of  employing  the  sepai 
troughs  for  the  connecting  rods  to  dip  in  is  to  prevent  the  oil  h 
flowing  to  the  rear  of  the  crankcase  when  the  car  is  climbing  hi 
or  to  the  front  of  the  crankcase  when  it  is  descending  grades; 
either  of  these  conditions  would  result  in  flooding  one  sectioB 
the  crankcase  and  depriving  the  other  portion  of  an  adeqn 
supply  of  oil.  It  is  recommended  that  every  thousand  miles 
the  most  the  plug  in  the  side  of  the  lower  half  of  the  era 
case  be  removed  and  all  old  lubricant  drawn  off.  It  is  A 
gested  that  if  the  oil  be  examined  carefully,  and  particles  of  iii€ 
are  found,  this  indicates  bearing  troubles.  If  the  oil  is  fii 
with  carbon  particles  it  may  be  taken  as  an  indication  that  | 
leaks  by  the  piston  rings  under  pressure  of  the  explosion  a 
bums  away  some  of  the  oil  on  the  cylinder  walls.  The  screi 
used  to  filter  the  lubricant  should  be  thoroughly  cleaned  bef 
replacing. 

An  oiling  system  similar  to  that  just  described,  inasmuch  H 
uses  two  pumps  of  the  plunger  type,  is  shown  at  Fig.  215.  In  t 
the  oil  reservoir  is  divided  into  three  compartments ;  one  of  th 
serves  as  a  main  container  for  the  oil,  one  at  the  center  is  ffl 
part  way  up  with  water,  while  that  at  the  front  end  is  filled  n 
oil,  and  also  houses  the  circulating  pump,  and  in  this  systNOk  i 
pump  furnishes  oil  to  the  main  bearing  at  the  rear,  the  other  4 
similar  member  at  the  front,  the  crankshaft  being  a  two-betfl 
type.  Passages  are  drilled  in  the  crankshaft,  through  which  I 
oil  goes  to  the  lower  connecting  rod  bearings.  The  oil  thrown' 
by  the  rotating  crankshaft  is  splashed  to  all  interior  parti;  i 
lubricates  the  cylinders  and  pistons.  Splash  is  not  dependedi 
as  a  drain  pipe  at  the  bottom  of  the  crankcase  allows  all  tfao^ 
to  escape  from  that  member.  The  drain  pipe  communieaftfl^ 
the  bottom  of  the  compartment  partly  filled  with  water. 
claimed  that  the  oil  which  must  pass  through  the  water 
it  will  float  on  its  surface  is  not  only  cleaned  of  all  foreign 
ter,  but  that  it  is  also  cooled,  an  important  requirement  in 
speed  motors.  The  oil  floats  on  the  top  of  the  water  and 
through  a  suitable  overflow  opening  back  into  the  main 
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u  a^ned  m  favor  of  vater  as  a  filtering  medium  that  it  is  not  apt 

get  clogged  up  with  particlea  of  carbon  as  a  filtering  screen  ia. 
ndes,  it  has  the  added  advantage  of  reducing  the  temperature 

the  lubricant 

Onrland  Model  82  Oiling  System. — The  oiling  ayatem  (Fig. 
6)  ia  automatic  and  self-contained.  It  is  of  the  combination 
ree  feed  and  splash  type,  in  which  a  constant  level  is  maintained 

Hie  oiling  base.     It  is  very  simple  in  operation  and  requires 
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no  other  attention  than  to  see  that  the  proper  grade  oi 
supplied  through  the  breather  pipe  when  the  oil  indicator 
left  side  of  the  crankease  indicates  that  oil  is  needed.  The  i 
of  oil  necessary  to  make  the  indicator  register  at  the  word 
is  seven  quarts,  which  is  enough  for  from  four  to  five  hi 
miles  of  ordinary  running.     The  oil  is  circulated  by  a  f 


Fig.  216. — OverUnd  Oonstuit  Lov«l  Oiling 

pump  located  on  the  center  rib  of  the  cylinder  block.    The 
is  operated  by  the  camshaft. 

The  lubricant  is  drawn  from  the  oil  base  through  a  fin< 
screen,  and  forced  direct  to  the  tliree  main  bearings  from 
it  overflows  to  the  oil  pan.  Six  wells  in  the  oil  pan  direcl 
demeath  the  connecting  rods  are  supplied  with  oil  constant! 
a  constant  level  is  maintained  at  any  motor  speed  and  un 
conditions  of  road  travel,  Tlie  lower  end  of  each  connecti 
is  supplied  with  an  oil  dip  which  scoops  oil  directly  to  the  o 
ing  bearings  and  splashes  the  lubricant  on  the  piiton  ««] 
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wrist  pin  bearings.  The  overflow  from  the  front  main  beari 
flows  to  the  front  timing  gear.  From  there  it  is  carried  by  grav; 
to  all  gears  on  the  transverse  shaft.  It  is  very  important  tl 
the  oil  strainer  be  kept  clean  so  that  the  circulation  of  the 
be  insured.  For  this  reason  the  removal  of  the  oil  strainer  1 
been  made  easy.  By  loosening  the  four  stud  nuts  on  the  bott< 
of  the  crankcase  the  cylinder  screen  may  be  withdrawn  and  cleac 
by  dipping  it  in  a  pail  of  gasoline. 

In  replacing  the  screen  it  is  well  to  shellac  the  gasket  betwe 

the  strainer  flange  and  crankcase  to  make  sure  that  the  lubrict 

is  properly  retained.    A  drain  plug  is  also  provided  in  the  bott< 

of  the  crankcase  for  draining  the  lubricant.    This  should  be  dc 

once  every  thousand  miles.    The  crankcase  should  then  be  wasli 

out  with  kerosene  into  the  breather  pipe.    After  the  kerosene  1 

been  removed  replace  the  plug  and  refill  the  system  by  using  1 

old  lubricant,  being  careful  to  strain  it  through  a  fine  grade 

mnslin,  and  add  fresh  lubricant  to  make  up  the  proper  amount. 

The  proper  working  of  the  system  is  indicated  by  a  pressi 

gauge  located  upon  the  instrument  board  of  the  cowl  dash  of  1 

car  in  plain  view  of  the  driver.     It  is  not  necessary  that  t 

gauge  indicate  a  given  amount  of  pressure  in  pounds;  it  y 

be  sufficient  to  notice  the  slightest  detection  of  pressure  by  1 

needle  moving  to  the  right  when  the  motor  is  accelerated.     I 

motor  lubrication  use  a  light  cylinder  oil,  free  from  carbon  a 

having  a  flash-point  of  not  lower  than  425,  and  a  fire-point  of  i 

less  than  475  degrees  Fahrenheit. 

Another  forced  feed  system  in  which  no  reliance  is  placed 
splash  feed  due  to  the  connecting  rods  dipping  the  lubricant 
shown  at  Fig.  217.  This  is  used  on  some  Pierce- Arrow  six-cylinc 
motors,  and  includes  a  novel  feature  of  having  the  oil  suppli 
drawn  from  the  oil  container  at  the  bottom  of  the  crankcase 
an  oil  reservoir  carried  above  the  cylinders.  While  the  oil  is  si 
plied  to  the  reservoir  by  the  pump  it  flows  to  the  bearing  points  ; 
dieated  by  gravity  through  oil  supply  tubes  of  large  size.  B( 
the  oil  reservoir  and  the  bottom  of  the  crankcase  are  incliia 
twenty-five  degrees,  this  inclination  being  given  to  the  oil  res 
voir  when  running  up  or  down  a  grade,  each  lead  vj\ll  ^'^^ 
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equal  supply  of  oil.  There  are  eight  of  these  leads  at  the 
of  the  oil  reservoir,  one  leading  to  the  timing  gear  comp 
of  the  erankcase,  the  others  to  the  main  beariugs  of  the 
shaft.  The  connecting  rods  are  lubricated  through  suitable 
passageways  in  the  crankshaft.  As  is  true  of  other  sys 
this  nature,  the  interior  of  the  engine  base  is  filled  vnXY 
mist  all  the  time  that  the  engine  is  in  operation,  this  sei 


Fig.  217. — OUlng  Srst«m  Used  on  Hftny  Euly  Pi«ic«-Airow  H 


lubricate  the  piston,  cylinder  walls,   and  valve  operatini 
anism. 

The  simple  pressure  feed  system  used  on  the  Nationa 
shown  at  Fig.  218.  In  this  the  bottom  of  the  erankcase  s 
a  main  reservoir  for  the  lubricant.  It  is  dran'n  from  tl 
geared  oil  pump  driven  by  bevel  gearing  from  the  cams) 
discharge  from  the  pump  being  piped  to  an  indicator  g 
the  dash.  The  return  from  this  indicator  is  directed  to  a 
naming  the  length  of  the  erankcase  which  snpplies  the  o 
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inpartmeiits  into  which  the  connecting  rods  dip  to  splash  the 
bricant  abont  the  crankcase  interior.  Attention  is  directed  to 
le  oil  wells  or  pockets  above  the  main  hearings  which  catch  part 
■  the  oil  distributed  by  the  connecting  rods  and  which  feed  it 
>  the  main  crankshaft  bearings. 

Another  example  of  the  system  in  which  the  oil  is  forced  to 
le  main  bearings  and  from  these  members  to  the  crankshaft  in- 
■rior  which  is  used  on  the  Marmon  motor,  is  shown  at  Pig.  219. 
his  operates  in  the  same  manner  as  the  Pierce-Arrow  system  out- 


^.A 


Fig.  218. — Oonrtant  IiSTel  Spluli  System  of  National  Antomoblla. 

oed  at  Fig.  217,  except  that  all  of  the  lubricant  is  carried  in  oil 
servoirs  attached  to  the  bottom  of  the  crankcase.  On  some 
igines,  especially  of  the  Knight  slide  valve  form,  it  is  desirable 
>  increase  the  oil  supply  as  the  engine  speed  increases.  This  may 
)  easily  done,  as  shown  at  Fig.  220,  by  providing  swinging  oil 
■onghs  operated  by  linkage  which  is  interlocked  with  the  car- 
aretor  throttle  actuating  lever.  A  top  view  of  the  system  show- 
ig  the  six  oil  troughs  is  given  at  A.  At  B  the  various  positions 
I  the  trough  for  high  throttle,  intermediate  throttle,  and  low 
irottle  are  clearly  indicated  by  dotted  lines.  A  side  sectional 
tew  at  C  shows  the  supply  pipes  used  to  fill  the  troughs,  uvd 
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also  shows  the  rod  employed  to  tilt  the  trough.  With  th 
bers  in  the  position  indicated  the  connecting  rod  will 
more  oil  on  account  of  the  higher  level.  This  positioi 
only  on  the  highest  motor  speeds.  On  the  intermediate  s] 
as  much  oil  is  required  as  when  the  engine  is  running  fa 
fore  the  troughs  are  tilted  to  a  point  where  the  oil  lev< 
reduced.     This  system  has  the  advantage  of  preventing 


Fig.  219. — Prawnre  Fnd  Oillns  STstom  TTwd  on  Mamon  Ant 

due  to  burning  too  much  oil,  as  in  those  systems  where  ii 
troughs  are  employed  the  level  of  oil  in  these  members 
kept  high  enough  to  supply  positive  lubricity  at  high  moti 
Obviously,  this  amount  of  lubricant  may  be  too  much  . 
engine  speeds  and  the  surplus  lubricant  will  be  discharge! 
the  exhaust  in  the  form  o£  smoke. 

The  pressure  feed  system  used  on  the  Cadillac  eight-c; 
motor  is  shown  at  Fig.  221.  In  this  it  will  be  observed 
oil  is  supplied  to  the  three  main  bearings  of  the  four-thn 
abaft  by  pipes  leading  from  a  manifold  running  along  the 
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and   is   also  directed  to  the   camshaft  bearings  through 
T  manifold.    The  cotmecting  rod  bearings  are  oiled  throug 
{es  drilled  id  the  crankshaft.     The  oil  is  circulated  by 
[>iiinp  driven  from  the  crankshaft  by  spiral  gearing,  the  in 
diate  gear  serving  to  drive  the  two  water  pumps,   one  a< 


Oow  TUtlng  Tron^u,  BognlaUd  if  tlie  Throttle  Control,  Vary 
tlis  Oil  Supply  for  Dlflerent  Englno  Sp«eda. 

f  the  motor,  by  means  of  a  cross  shaft.  An  adjustable 
've  it  provided  so  that  the  oil  pressure  may  be  main- 
ly  desired  point. 

o  Look  for  Trouble  in  Lubrication  Systems. — But  lit- 
vill  be  experienced  with  the  constant  level  splash  sys- 
h  the  oil  is  circulated  by  a  positive  pump  ttiTOUi^ 
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passages  cored  in  the  motor  base  instead  of  long  external 
Considerable  trouble  is  esperieneed  on  the  old  style  cars  hi 
large  number  of  individual  leads  rtmning  from  a  mechanic^ 
or  compression  feed  oiler  to  the  various  bearing  points.  The 
eight  feed  lubricator  employing  compression  pressure  to  cai 
oil  to  circulate  from  the  tank  to  the  manifold  fittings  woul 
cate  a  clogged  pipe  in  a  positive  manner  as  the  oil  drip  foe 
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Fig.  221.— OiUng  Smem  of  Caaillftc  IBIG  Elglit  Orliada  X 


would  iill  u])  if  the  pipe  is  constricted  for  any  reason.  Ii 
of  the  failure  of  the  oil  to  drop  in  the  sight  feed  glasses  vl 
adjustment  screws  are  loosened  to  supply  more  lubrica 
various  pipe  connections  should  be  examined.  The  first 
look  at  is  the  pressure  pipe  running  to  the  tank.  The  firsi 
tial  is  to  make  sure  that  the  tank  filler  cap  seats  aecnre 
that  the  leather  washer  is  interposed  as  packing  under  t 
Disconnect  the  pipe  next  to  the  check  valve  and  with  tht 
runaiag  note  if  tiiere  ia  any  pressure,  i.e.,  if  impolaes  h 
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luiust  can  be  felt  on  the  hand.  If  not,  the  nipple  of  the  exhaust 
tnifold  or  pipe  should  be  removed  and  cleaned  as  it  may  be 
loked  with  carbon,  especially  if  considerable  oil  is  fed  to  the 
lotor.  The  check  valve  near  the  tank  may  also  be  fouled  up, 
ue  to  foreign  matter.  This  should  be  taken  apart  and  cleaned, 
eplaced,  and  the  engine  again  started  for  testing  the  pressure. 
L  simple  method  of  quickly  locating  the  fault  in  a  system  of  this 
ind  is  to  disconnect  the  pressure  pipe  at  the  tank  and  blow 
tirough  the  check  valve  member.  If  the  tank  and  oil  pipe  con- 
ections  are  tight  the  oil  will  flow  through  the  sight  feed  glasses, 
ad  it  will  be  apparent  that  the  trouble  is  due  to  not  enough 
ressure  being  supplied  the  tank. 

Leaks  may  exist  between  the  sight  feed  glasses  and  their  holders, 
id  this  is  usually  denoted  by  leakage  of  the  lubricant  around 
le  bottom  of  the  glass.  In  disassembling  and  readjusting  this 
ember,  care  should  be  emphasized  after  new  packing  washers  have 
>en  replaced,  when  readjusting  not  to  screw  down  the  fittings 
gainst  the  glasses  too  tightly  as  the  glasses  may  be  broken.  When 
le  glass  fills  up  with  lubricant,  which  is  a  sure  indication  of  a 
ogged  feed  pipe,  that  member  should  be  removed  and  thoroughly 
eared  by  compressed  air  blast  or  steam  under  pressure.  The 
earn  is  to  be  preferred  as  it  will  heat  up  any  solidified  wax  or 
pease  in  the  pipes.  These  sight  feed  glasses  are  apt  to  accumulate 
list  and  dirt,  especially  as  they  are  mounted  in  an  exposed  posi- 
on  in  order  to  note  at  a  glance  if  oil  is  dropping  properly.  A 
iggestion  is  given  at  Fig.  222,  A,  for  removing  dirt  when  the 
arts  are  diflScult  of  access  with  a  cloth,  which  is  especially  true 
hen  the  sight  feeds  are  assembled  in  a  manifold  fitting,  as  shown 
b  B,  where  they  are  placed  directly  on  the  dash.  A  coarse,  soft 
:ring  is  used,  a  couple  of  turns  being  made  around  the  glass,  then 
y  imparting  a  sawing  motion  to  the  ends  of  the  cord  the  en- 
rnsted  deposit  will  be  easily  removed. 

In  those  lubricating  systems  having  individual  leads  running 
rom  a  mechanical  oiler,  if  failure  of  oil  to  reach  the  bearing  is 
ot  due  to  a  broken  or  constricted  feed  tube  the  trouble  must 
xist  at  the  pump  supplying  that  member.  The  common  fault  in 
Jnnger  pumps  is  failure  of  the  check  valves  to  seat  pro^^tV^^ 
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this  being  due  generally  to  dirt  in  the  oil.    Of  course,  if  th 
driving  means  fails  the  pumps  will  not  move  and  no  oil 
circulated.    Oil  pumps  are  not  so  apt  to  wear  out  as  water 


Fig.  222. — Showing  Simple  Method  of  Cleaning  Sight  Feed  Mi 
Glasses  at  A  and  B.    One  Method  of  Curing  Smoky  Motor 
at  C. 


are  on  account  of  the  lubricating  properties  of  the  oil, 

tends  to  minimize  depreciation  by  keeping  friction  at  a  low 

Method  of  Curing  Smoky  Motor. — The  owner  of  a  prai 

new  car  was  much  annoyed  with  a  smoky  exhaust  which 

indicated  that  oil  was  working  by  the  piston  rings,  and  tih 


Lubricating  System  Troubles  4 

ecmdition  was  evident  even  when  the  level  of  oil  was  below  1 
point  recommended  by  the  makers  of  the  car  if  the  motor  v 
nm  at  high  speeds.  It  was  evident  that  the  trouble  was  not  d 
to  mechanical  depreciation  as  the  car  was  practically  new.  Afl 
eonsiderable  study  a  cheap  and  successful  remedy  for  the  troul 
was  devised. 

The  cylinder  head  was  removed,  the  connecting  rod  bearir 

were  loosened  and  the  four  pistons,  after  marking  each,  we 

removed.  Next  the  wristpins  and  connecting  rods  were  taken  c 

and  each  piston,  after  taking  out  the  two  lowest  piston  rings,  \\ 

ehneked  up  in  the  lathe  separately.    A  small  groove,  a  sixteenth 

an  inch  in  diameter,  was  cut  into  the  piston,  as  shown  in  F 

222,  C,  at  an  angle  of  45  degrees.    The  cut  started  from  the  ed 

of  the  bottom  of  the  next  to  lowest  piston  ring  groove.    This  c 

was  also  one-sixteenth  of  an  inch  in  depth,  thus  forming  a  ci: 

thaped  groove  the  entire  circumference  of  the  piston.     Next  t 

piston  was  drilled  at  the  same  angle  of  45  degrees  with  a  one-s 

teenth  inch  drill.    These  holes,  about  one  inch  apart,  were  driU 

elear  through  the  piston.  The  effect  of  this  groove  was  to  collect  t 

f   oil  backed  up  by  the  bottom  piston  ring  on  the  downward  strol 

The  small  holes  drained  the  oil  into  the  inside  of  the  piston  a 

thus  back  to  the  crankcase. 

The  rings  were  replaced,  the  wristpins  and  connecting  re 
put  back,  the  pistons  slipped  into  the  cylinders  and  the  connecti 
rods  tightened  up.  Next  the  cylinder  head  was  replaced  and 
put  into  the  crankcase,  the  level  of  which  was  raised  one-quarl 
inch  above  normal.  When  the  motor  was  started  the  abnorn 
amount  of  smoke  which  the  little  engine  had  formerly  produc 
failed  to  appear.  After  using  his  car  a  month,  the  owner  call 
at  the  garage  to  state  that  the  job  had  proved  satisfactory, 
repair  of  this  kind  can  be  made  only  when  there  is  sufficient  w 
thickness  to  the  piston. 

Simple  Oil  Filter. — There  are  many  occasions  when  oil  is  dra^ 
from  a  motor  crankcase  or  sump  when  it  still  possesses  lubricati 
qualities,  but  is  unsuitable  for  use  owing  to  the  presence  of  di 
Even  if  an  oil  is  unsuitable  for  cylinder  lubrication,  it  may  si 
possess  sufficient  lubricating^  value  to  be  used  aTOundi  \X\^  \xv>^ 


.^^ 


486 


Automobile  Repairing  Made  Easy 


C^. 


>Fctr>T->»ld 


portant  bearing-points  of  the  car  to  which  it  can  be  appli< 
a  hand  oil  can  or  syringe.  Instead  of  throwing  away  the  • 
possible  to  save  quite  a  few  gallons  in  the  course  of  a  year 
simple  filtering  device  as  shown  at  Fig.  223  is  used.  Tb 
be  made  up  by  any  tinsmith  at  small  cost.  It  consists  of 
container  of  galvanized  iron  having  a  tight-fitting  cover 
will  not  get  into  it.  Three  ledges  are  soldered  to  the  sides 
tank  as  indicated,  the  one  at  the  top  holding  a  brass  win 

screen,   the  twc 

ones    acting    a 

ports  for  funnel 

discharge    open 

each    funnel    is 

with  clean  wasi 

by    the    time    1 

reaches  the  ^ot 

the    container 

been     thorough 

tered,  the  largi 

tides  of  dirt  be 

strained  by  th< 

screen,    while   1 

mainder  is  held 

waste   plugs.     . 

cock  is  soldered 

bottom  of  the  tank,  so  the  filtered  oil  may  be  drawn  out  as  i 

Requirements  of  Lubricating  Oils. — Much  difference  of  < 

exists  relative  to  the  best  grade  of  lubricating  oil  to  use 

automobile  power  plant,  some  repairmen  favoring  the  use  of 

light,  free  flowing  oil,  others  recommend  oils  of  medium 

The  best  oil  to  use  depends  entirely  upon  the  type  of  powe 

and  closeness  of  fit  between  the  parts  of  the  mechanism; 

grade  of  oil  is  suitable  for  all  engines.     The  following 

from  a  paper  read  by  Harry  Tipper,  an  authority  on  lul 

and  lubrication,  before  the  S.  A.  E.,  outlines  the  points  ii 

in  the  selection  of  a  suitable  lubricating  medium  very  clear 

may  be  read  with  profit  by  all  motorists  and  repairmen. 


^^a.toocX. 


Fig.  223. — Easily  Made  Oil  Filter  for  Oarage 

Use. 
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*' Inasmuch  as  the  arbitrary  tests  to  determine  the  physi 
diaracteristics  of  the  oil  do  not  illuminate  its  value  for  any  p; 
tieolar  purpose,  let  us  consider  what  the  oil  should  do.  In  ore 
to  bring  this  directly  to  the  point  of  greatest  interest  to  1 
aoeiety,  that  is,  the  lubrication  of  the  motor  of  automobiles, 
me  suggest  the  requirements  which  a  lubricant  for  this  purp< 
should  meet: 

1.  The  oil  should  possess  a  sufficient  body  to  keep  the  beari 
nirfaees  apart  at  the  temperature  at  which  the  bearings  run. 

2.  It  should  possess  such  qualities  as  will  reduce  the  fricti 
to  a  minimum. 

3.  Tlie  flash  point  should  be  sufficiently  high  to  insure  agaii 
the  presence  of  volatile  constituents. 

4.  It  should  remain  fluid  at  sucli  low  temperatures  as  will 
met  in  service  conditions. 

5.  It  should  have  no  tendency  to  decompose  or  to  form  su 
deposits  as  will  gum  up  the  machine  and  increase  the  fricti< 
where  the  object  is  to  decrease  it. 

6.  It  should  contain  no  ingredients  which  will  corrode  or  ] 
the  metal. 

**In  considering  the  qualifications  to  be  added  to  these  genei 
requirements  in  order  to  define  application  to  the  mechanical  cc 
ditions  of  cylinder  lubrication,  it  is  necessary  to  consider  the  qu 
tions  involved  in  the  operation  of  an  internal  combustion  engii 
which  are  difl!erent  from  those  of  any  other  type.  What  I  ha 
to  say  now  may  appear  very  elementary  from  a  mechanical  star 
point,  but  unless  it  is  mentioned,  the  important  bearing  which 
has  upon  lubrication  will  not  be  as  obvious  as  I  want  to  make 
After  a  charge  has  been  taken  into  the  cylinder  on  the  sucti 
stroke  it  is  compressed  to  from  50  to  75  pounds  before  being  fir< 
Naturally  upon  the  starting  of  the  compression  stroke  there  iis 
tendency  for  the  gasoline  mixture  to  leak.  There  are  two  wa 
of  obviating  this  difficulty,  of  securing  full  compression.  Th< 
two  ways  might  be  stated  as  mechanically  secured  compressi< 
formed  by  the  close  fit  between  the  piston  or  piston  rings  and  t 
blinder  wall ;  or  compression  secured  by  liquid  seal,  wliich  mea 
the  use  of  an  easy  clearing  between  the  piston  rings  and  t 
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cylinder  wall  and  the  sealing  of  the  space  between  them  by  th 
use  of  a  proper  kind  of  lubricating  oil.  In  respect  to  the  mc 
chanically  secured  compression  the  following  points  are  wortl 
noting  as  axioms  which  must  be  taken  into  consideration  in  esti 
mating  the  conditions : 

1.  The  closer  the  fit,  that  is,  the  less  the  clearance  betweei 
the  piston  and  cylinder  walls,  the  more  the  power  absor1)ed  ii 
turning  the  engine  over.  In  fact,  it  is  possible  to  secure  perfee 
compression  in  this  way  only  by  securing  so  tight  a  fit  that  th 
mechanism  will  not  turn.  Even  in  practice  good  compression  cai 
be  secured  only  at  the  sacrifice  of  some  of  the  effective  power. 

2.  The  closer  the  mechanical  fit  between  piston  and  cylindei 
walls  the  thinner  a  lubricating  oil  which  will  work  its  way  betweei 
them.  The  thinner  the  lubricating  oil  the  greater  will  be  th( 
wear  and  tear,  because  of  the  impossibility  of  keeping  the  meta 
surfaces  apart  where  the  clearances  are  so  small  and  the  lubrican 
must  be  such  a  slight  film. 

**With  these  conditions,  when  wear  and  tear  has  once  begun 
every  stroke  of  the  engine  increases  the  loss  of  compression,  th 
consumption  of  lubricating  oil,  the  consumption  of  gasoline,  ii 
proportion  to  the  amount  of  power,  and,  in  fact,  decreases  cob 
tinually  the  efficiency  of  the  motor.  You  will  readily  see  the  im 
possibility  of  securing  and  maintaining  maximum  efficiency  nnde 
the  conditions.  The  motor  after  leaving  the  factory  is  run  at  grea 
variations  of  speed  and  considerable  variation  of  load.  Thes 
variations  are  quite  rapid  and  frequent.  On  account  of  the  me 
chanical  conditions  of  the  motor  you  have  recommended  a  ver 
thin,  light  lubricating  oil  for  the  motor,  under  the  guarantee 
This  lubricating  oil  has  no  particular  adhesiveness  and  will  flo^ 
as  readily  from  the  cylinder  wall  as  to  it.  Consequently,  durin 
the  rapid  and  frequent  variations  of  speed,  cylinder  walls  ar 
sometimes  overburdened  with  oil  and  sometimes  practically  drj 
making  wear  and  tear  excessive  and  naturally  resulting  in  a  ver; 
rapid  increase  in  the  space  between  the  piston  and  cylinder  wal 
This  wear  and  tear  is  not  thoroughly  even ;  the  clearance  is  large 
in  some  places  than  in  others.  Then  the  lubricating  oil  flows  freel; 
up  and  down  the  walls  of  the  cylinder  and  there  is  never  any  tim< 
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n  just  the  proper  amount  of  oil  is  on  the  cylinder  wall.  The 
is  so  thin  that  it  cannot  be  held  in  the  increased  space,  con- 
tently  on  the  compression  stroke  the  gasoline  mixture  escapes 
;  the  piston,  destroying  the  lubricating  oil  in  the  crankcase, 
reducing  from  15  to  30  per  cent,  the  power  which  should  be 
ired  from  the  gasoline.  Further,  the  condition  under  discussion 
eSponsible  largely  for  the  carbon  which  is  so  constantly  being 
erienced  on  account  of  the  fact  that  the  oil,  being  very  light 
>ody  and  free-flowing,  is  drawn  up  during  the  suction  stroke 

•  the  compression  chamber  and  onto  the  piston  head,  where  it  is 
illed,  lea\dng  a  coke  baked  on  the  piston  head  to  the  first  ring, 
n  the  valves,  etc. 

*  Consider,  instead  of  the  mechanically  secured  compression  used 
connection  with  thin  oil,  coiupression  which  depends  upon  the 

* 

of  lubricating  oil,  the  clearances  being  larger.  From  the.i^tand- 
it  of  the  mechanical  efficiency  of  any  power  generator^j  and,  in 
;,  any  moving  equipment,  the  best  fit — that  is,  the  mechanical 
vhich  absorbs  the  least  amount  of  power  due  to  friction  in  the 
^er  generator  itself — is  an  easy  sliding  fit.  If  dependency  is  to 
[aid,  however,  upon  the  metal  and  not  upon  the  lubricating  oil 
naintain  compression,  this  easy  sliding  fit  is  too  loose  to  give  the 
ipression  required.  If,  however,  it  is  intended  to  secure  the 
ipression  by  the  liquid  seal  of  the  lubricant,  then  an  easy 
ing  fit  can  be  given  to  the  motor,  a  sufficiently  heavy-bodied 
used  for  lubricating  with  the  result  that  the  metal  surfaces 
be  kept  apart,  the  compression  c^n  be  maintained  so  that 
•e  will  be  practically  no  change  in  the  lubricating  oil  in  the 
ikcase,  and  only  the  ordinary  wear  and  tear  on  a  properly 
ricated  surface  will  take  place,  which  wear  and  tear  is  infinitely 
rer  than  the  wear  and  tear  which  usually  occurs  under  the  con- 
ons  previously  mentioned.  In  working  out  lubricating  oils  for 
)mobile  engines  we  are  using  to-day  oil  of  200,  300,  500.  and 
viscosity ;  the  oil  of  200  seconds  viscosity  being  used  entirely 
those  motors  which  are  being  made  with  clearances  too  ,Qmall 
^rmit  of  the  oil  of  the  proper  body  being  used.  Thousands  of 
}  by  private  owners,  which,  while  they  may  not  be  accurate, 
cate  the  general  result  that  in  practice  by  the  use  of  these 
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heavier  oils  they  have  secured  from  10  per  cent,  to  20  p- 
and  in  some  cases  over  30  per  cent,  more  power  from  tl 
owing  to  the  saving  of  any  loss  on  the  compression  stroke, 
account  they  have  also  used  less  lubricating  oil,  due  to  1 
that  there  is  no  admixture  of  gasoline,  deterioration  conse 
being  very  slow.  There  is  also  less  wear  and  tear  on  the  c^ 
and  practically  no  trouble  from  carbon." 

Peculiar  Cause  of  Overheating. — A  motorist  who  o^ 
very  good  make  of  car  was  bothered  by  a  particularly  sev< 
of  overheating,  and  was  at  a  loss  to  find  its  true  cause.  Th( 
was  thoroughly  overhauled  to  make  sure  that  the  lubricati 
tern  was  functioning  properly,  the  interior  of  the  waterjack 
cleared  of  all  incrustation,  the  radiator  replaced  by  one  oJ 
capacity,  the  pump  and  water  piping  examined  to  insure  t 
water  circulation  was  brisk,  the  exhaust  valves  gone  over  t 
sure  that  they  lifted  enough  to  release  the  gases  and  th 
opened  early  enough,  and  all  important  members  in  the  tr 
sion  system  were  inspected  to  see  that  there  was  no  bine 
harsh  action  at  these  points  that  would  absorb  power.  Des 
the  precautions  taken,  the  car  continued  to  overheat  and  : 
the  local  repairman  could  do  prevented  the  trouble.  The 
was  finally  asked  to  give  an  opinion,  and  after  the  variou 
dies  that  had  been  applied  ineffectually  had  been  described 
tail,  it  seemed  that  but  little  had  been  overlooked,  and  t 
assumed  that  mysterious  aspect  that  often  puzzles  even  tl 
expert  of  repairmen. 

The  car  was  not  fitted  with  a  muffler  cut-out  valve  s 
writer  noticed  that  the  muffler  seemed  particularly  efficieni 
gards  silence,  a  barely  perceptible  sound  being  heard  as 
was  discharged  in  the  air.  As  the  overheating  was  accompa 
loss  of  power,  and  as  the  engine  had  very  little  power  eve 
cooled  it  was  assumed  that  tlie  overheating  was  due  to  some 
tion  of  the  mixture,  but  varying  this  till  it  was  so  thin  t 
engine  backfired  through  the  carburetor  did  not  improve 
the  power  or  the  chronic  overheating.  As  an  experime 
muffler  was  removed  and  the  car  operated  with  a  direct  e 
The  result  was  a  revelation,  as  tlie  car  not  only  had  aU  th( 
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'    one  conld  reasonably  expect,  biit  there  was  not  the  slightest  si 
of  overheating. 

It  was  then  clearly  evident  that  the  muffler  was  at  fault,  so 
was  taken  apart  and  the  interior  carefully  examined.  The  desi 
was  such  that  it  would  have  been  a  very  effective  silencer  even 
normal  condition,  and  the  fact  that  cars  of  that  make  had  a  ve 
enviable  reputation  for  silence  kept  all  concerned  from  suspecti 
the  muffler  until  nearly  everything  else  had  been  trieii.  The  pr 
ciple  of  action  was  to  break  up  the  gases  before  they  reached  t 
air  hy  passing  them  through  a  number  of  bafBe  plates  placed 
intervals  in  the  muffler  shell,  these  being  perforated  by  a  gradual 
series  of  holes  to  allow  the  gas  to  pass  through.  The  3rat  hoi 
that  is,  those  nearest  the  exhaust  intake  opening  communicati 
with  the  engine  were  about  J^  inch  in  diameter,  but  each  si 
ceeding  baffle  plate  had  smaller  openings  but  a  greater  numb 
so  that  the  available  discharge  area  was  practically  the  same  in 
the  partition  plates.  In  the  member  nearest  the  discharge  end 
the  muffler  the  holes  were  normally  Y^  inch  in  diameter. 

The  engine  was  fitted  with  a  constant  level  splash  system  tt 
insured  copious  lubrication  and  the  owner  had  not  spared  the  < 
The  result  was  that  accumulations  of  soot  had  filled  the  sm 
holes  so  that  they  were  less  than  half  their  normal  diameter  a: 
the  back  pressure  resulting  from  this  reduction  of  area  had  caua 
both  the  lost  power  and  overheating.  The  holes  were  drilled  out 
a  larger  size,  ^g  inch,  so  they  would  not  be  so  liable  to  fill  i 
again,  and  after  the  muffler  had  been  thoroughly  cleaned  so  tb 
all  soot  was  removed  from  the  entire  series  of  baffle  plate  openii^ 
the  compooent  was  replaced  and  the  trouble  ceased.  Enlargi 
the  holes  produced  a  little  freer  discharge  and  the  ear  was  just 
trifle  more  noisy  than  it  had  been  prior  to  the  time  the  ho! 
clogged  up  and  caused  defective  engine  action.  Enlarging  t 
openings  was  advisable,  however,  as  they  were  not  so  liable 
cl<^  up. 
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LOCATION    AND    REMEDY    OF    IGNITION    FAULTS 

Battery  Ignition  System  Parts — Care  and  Wiring  of  Dry  Cells — Storage 
Battery  Defects — Storage  Battery  Charging  and  Maintenance — ^Ignition 
Timers — Spark  Plugs — Induction  Coil  Faults — ^Adjusting  Coil  Vibrators 
— Low  Tension  Ignition  System — Magnetic  Spark  Plug  System — Wiring 
Troubles  and  Electrostatic  Effects — Magneto  Forms — ^Troubles  with 
High  Tension  Magneto — Contact  Breaker,  Care  and  Adjustment — ^Re- 
charging Weak  Magnets — Transformer  Coil  Magneto  System — ^Dual 
Magneto  System — Master  Vibrator  Ignition  Systems — ^Double  and 
Triple  Ignition  Methods — Two  Spark  Ignition — ^Timing  Battery  Ignition 
Systems — Timing  High  Tension  Magnetos — ^Firing  Orders  of  Typical 
Engines. 

There  has  been  no  part  of  the  automobile  that  has  been 
changed  more  often  than  the  ignition  system.  The  first  cars  had 
simple  battery  and  coil  ignition,  then  with  the  introduction  of 
the  high  tension  magneto  the  systems  were  usually  combined  on 
the  same  engine  in  order  to  secure  double  ignition  systems,  either 
one  being  independent  of  the  other.  Later,  as  the  magneto  became 
refined  and  improved,  a  number  of  makers  discarded  the  battery 
ignition  system  and  placed  their  entire  reliance  on  the  magneto. 
With  the  coming  of  the  demand  for  electrical  motor  starting  and 
lighting  systems  came  a  revival  of  the  battery  ignition  method 
which  had  been  discarded  for  the  high  tension  magneto.  The 
main  reason  for  using  the  magneto  in  preference  to  the  battery 
system  was  that  ignition  became  weaker  with  the  latter  after  the 
engine  had  been  run  for  a  time  owing  to  a  lessened  output  of  the 
battery.  The  magneto  which  generates  electricity  by  a  mechani- 
cal process  had  the  advantage  because  the  faster  it  was  driven 
the  more  current  it  delivered. 

In  the  modern  automobiles  an  electrical  current  generator  is 
provided,  run  by  the  engine  whielv  is  depended  on  to  charge  a 
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storage  battery  while  the  motor  is  running,  the  current  for  igi 
tion  and  lighting  being  taken  from  the  storage  battery  instead 
directly  from  the  generator  which  delivers  a  current  of  varyi 
output  depending  upon  the  engine  speed  which  in  turn  regular 
the  rate  of  generator  armature  rotation.  On  many  cars  therefo 
the  battery  ignition  systems  are  used  as  the  use  of  the  general 
keeps  the  battery  charged  always  to  the  proper  point  for  securi 
energetic  ignition.  The  automobile  repairman  will  have  cars 
repair  that  will  use  a  wide  variety  of  ignition  systems,  as  ma 
of  those  fitted  with  the  simple  battery  and  coil  are  still  in  i 
while  a  very  large  number  are  equipped  solely  with  the  high  t< 
fflon  magneto.  Most  of  the  newer  cars  will  use  improved  batte 
ignition  systems  with  the  high  tension  magneto  eliminated. 

Battery  Ignition  System  Parts. — A  battery  ignition  system 
its  simplest  form  consists  of  a  current  producer,  usually  a  set  of  d 
cells  or  a  storage  battery,  an  induction  coil  to  transform  the  low  \a 
sion  current  to  one  having  sufiicient  strength  to  jump  the  air  gap 
the  spark  plug,  an  igniter  member  placed  in  the  combustion  cha 
ber  and  a  timer  or  mechanical  switch  operated  by  the  engine 
that  the  circuit  will  be  closed  only  when  it  is  desired  to  have 
spark  take  place  in  the  cylinders.  Battery  ignition  systems  m 
be  of  two  forms,  those  in  which  the  battery  current  is  stepped 
or  intensified  to  enable  it  to  jump  an  air  gap  between  the  poii 
of  the  spark  plug,  these  being  called  **high  tension''  systems  a 
the  low  tension  form  in  which  the  battery  current  is  not  int< 
sified  to  a  great  degree  and  a  spark  produced  in  the  cylinder 
the  action  of  a  mechanical  circuit  breaker  in  the  combustion  cha 
ber.  The  low  tension  system  is  the  simplest  electrically  but  1 
more  complex  mechanically.  The  high  tension  system  has  1 
fewest  moving  parts  but  numerous  electrical  devices.  At  the  pr 
ent  time  practically  all  automobiles  use  high  tension  ignition  s 
tems,  but  as  the  repairman  may  have  occasion  to  overhaul  an  **< 
timer"  instructions  are  given  for  repairing  the  low  tension  ig 
tion  systems  as  well  as  the  more  popular  forms.  Low  tension  ig 
tion  methods  are  still  used  in  marine  engines,  so  a  mechanic  wo 
ing  on  these  types  as  well  as  automo()iles  should  familiarize  hims 
with  the  principles  of  both  high  and  low  tension  ignitVoxi  «^^\ft 
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Ignition  troubles  are  usually  evidenced  by  irregular  engine 
action.  The  motor  will  not  run  regularly  nor  will  the  explosioni 
follow  in  even  sequence.  There  may  be  one  cylinder  of  a  multiple 
cylinder  motor  that  will  not  function  at  all,  in  which  case  th< 
trouble  is  purely  local,  whereas  if  all  the  cylinders  run  irregularly 
there  is  some  main  condition  outside  of  the  engine  itself  that  ii 
causing  the  trouble.  As  complete  instructions  are  given  at  th< 
end  of  this  chapter  for  a  systematic  search  to  locate  troubles  anc 
as  these  may  be  readily  identified  by  the  symptoms  described,  i1 
is  not  necessary  to  dwell  on  this  point  any  longer,  at  the  preseni 
time.  In  a  battery  ignition  system  the  first  point  to  be  suspecte<3 
in  event  of  irregular  ignition  is  lack  of  capacity  in  the  current 
producer. 

Care  and  Wiring  of  Dry  Cells. — The  simplest  form  of  curreni 
producer  is  the  dry  cell  which  is  shown  in  section  at  Fig.  224,  A 
A  zinc  can  about  6  inches  high  and  2J^  inches  in  diameter  forms 
the  negative  element  of  the  dry  cell  and  also  serves  as  a  containei 
for  the  electrolyte  and  positive  element.  A  carbon  rod  placed  ir 
the  center  is  insulated  from  contact  with  the  zinc  can  by  a  sea] 
of  pitch  which  is  a  non-conductor  of  electricity  and  which  also 
serves  to  retain  the  moisture  in  the  cell.  This  carbon  rod  does  nol 
extend  entirely  to  the  bottom  of  the  cup.  The  exciting  fluid  oi 
electrolyte  is  a  solution  of  sal  ammoniac  which  is  held  against  th€ 
negative  element  by  blotting  paper  which  is  used  as  a  lining  foi 
the  zinc  can.  The  space  between  this  active  lining  and  the  carboE 
rod  is  filled  with  a  depolarizing  agent,  usually  black  oxide  ol 
manganese,  which  is  mixed  with  powdered  gas  retort  carbon,  the 
whole  being  saturated  with  exciting  fluid  in  order  to  increase  the 
electrical  conductivity  of  the  depolarizing  mixture  and  also  tc 
keep  the  blotting  paper  lining  properly  moist.  The  depolarizoi 
is  necessary  to  enable  the  cell  to  be  used  continuously  as  it  gives  ofl 
oxygen  to  combine  with  the  electrolyte  after  it  has  given  up  itfi 
chlorine  to  the  zinc  which  leaves  hydrogen  to  combine  with  the 
oxygen  and  form  water.  It  will  be  observed  that  a  dry  cell  is  very 
simple  in  construction  and  that  nothing  is  apt  to  occur  that  will 
reduce  its  capacity  except  diminution  in  the  strength  of  the  elee* 
trolyte  or  eating  away  of  the  zinc  can  by  chemical  action.    The 
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unti  in  a  dry  cell  are  asually  combined  in  such  proportionB 
t  iboQt  the  time  the  electrolyte  is  exhausted,  the  ztnc  can  will 
have  outlived  its  nsefulness.  It  is  much  cheaper  to  replace 
cells  with  Dew  ones  than  to  attempt  to  repair  the  exhausted 

iTaporation  of  the  electrolyte  is  the  main  cause  of  deteriora- 
of  dry  cells  as  the  internal  resistance  of  the  cell  increases  when 


&!.— Vlow  at  A,  Bbowing  Intonul  CcnutmcUon  of  Dry  Cell  Battery. 
B. — MvtUod  of  TeeUng  Dry  Cell  with  Amperemeter. 

oisture  evaporates.  It  is  said  that  dry  cells  will  depreciate 
rten  not  in  use,  so  it  is  important  for  the  repairman  to  buy 
only  a«  needed  and  not  to  keep  a  large  stock  on  hand.  In 
to  test  the  capacity  of  a  dry  cell  an  amperemeter  is  used  fis 
ited  at  Fig.  224,  B.    Amperemeters  are  made  is.  &  ^ax\«^ 
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of  forms,  Bome  being  combined  with  volt  meters,  as  shown  a 
Fig.  226.  The  combination  instrument  is  the  best  form  for  th< 
repairman  to  use  as  the  volts  scale  can  be  employed  for  testing 
storage  batteries  while  the  amperemeter  scale  may  be  utilized  ii 
determining  the  strength  of  dry  cells.  A  fully  charged,  fresh  dry 
cell  should  show  a  current  output  of  from  twenty  to  twenty-five 
amperes.  If  the  cell  indicates  below  six  or  seven  amperes,  i1 
should  be  discarded  as  it  is  apt  to  be  exhausted  to  such  a  point 
that  it  will  not  furnish  current  enough  to  insure  energetic  or  re- 
liable ignition.  Dry  cells  should  always  be  stored  in  a  cool  and 
dry  place,  so  that  the  electrolyte  will  not  evaporate.  If  moisture 
is  given  an  opportunity  to  collect  on  the  top  of  the  pitch  seal  it 
will  allow  a  gradual  loss  of  current  due  to  short  circuiting  the 
cells.  In  applying  an  amperemeter,  care  should  be  taken  to 
always  connect  the  positive  terminal  marked  with  a  plus  sign 
against  the  carbon  terminal.  In  the  indicating  meter  shown  at  B, 
it  is  necessary  to  use  only  one  contact  point  which  is  pressed 
against  the  screw  passing  through  the  carbon  rod.  The  case  of 
the  instrument  is  placed  in  contact  with  the  zinc  terminal  to  com- 
plete the  circuit.  A  flexible  wire  is  usually  included  in  order  to 
test  the  amperage  of  a  group  of  cells  should  this  be  thought  neces- 
sary. When  dry  cells  are  used  for  automobile  ignition,  they 
should  be  carefully  packed  in  a  box  made  of  non-conducting  ma- 
terial, such  as  wood,  and  securely  covered  so  that  there  will  be  no 
chance  for  water  to  enter  the  container.  If  placed  in  a  sheet  metal 
case,  care  should  be  taken  to  line  the  box  with  insulating  ma- 
terial and  also  to  pack  the  cells  tightly  so  they  cannot  shake 
around.  The  best  practice  is  to  use  wedges  or  blocks  of  wood 
which  are  driven  in  between  the  cells  to  keep  them  apart.  In 
no  case  should  a  dry  cell  be  placed  directly  in  a  steel  box,  as 
the  binding  posts  on  the  zincs  might  come  in  contact  with  the 
walls  of  the  box  and  tend  to  short  circuit  the  cells,  producing 
rapid  depreciation.  A  battery  box  should  always  be  placed  at  a 
point  where  it  is  not  apt  to  be  drenched  with  water  ithen  the 
car  is  washed  or  should  be  watertight  if  exposed. 

When  dry  cells  are  used  for  ignition  there  are  two  practical 
methods  of  connecting  these  up.    At  least  four  dry  cells  are  neo» 
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%  S2S.,— Hotbotfl  Of  Conuectliig  Dry  Oella   and  Fiecantlorui   to  Iw 
ObMTTad  Wben  Wiring. 

1  to  Becure  satisfactory  ignitioD  and  much  more  energetic  ex- 
|hds  will  be  obtained  if  five  or  six  are  used.  The  common 
kod  ia  to  join  the  cells  together  in  series  as  sliown  at  Pig. 
iA.  When  connecting  in  this  manner  the  carbon  terminal  of 
tbattery  is  always  coupled  to  the  zinc  binding  post  of  its 
pbor.    Connection  would  be  made  from  the  carbon  oi  We  ^'nX 
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cell  to  the  zinc  of  the  second,  from  the  carbon  of  the  second 
the  zinc  of  tlie  third,  and  from  the  carbon  of  the  third  to  1 
zinc  of  the  fourth,  this  leaving  the  zinc  terminal  on  the  first  € 
and  the  caibon  terminal  on  the  fourth  cell  free  to  be  joined 
the  external  circuit.    When  dry  cells  are  connected  in  series  f 
voltage  is  augmented,  that  of  one  cell  being  multiplied  by  f 
number  so  joined.     The  amperage  remains  the  same  as  that 
one  cell.    If  a  dry  cell  has  a  potential  of  lj4  volts,  a  battery  ooa 
posed  of  four  cells  would  show  5  volts.    "When  dry  batteries  a 
used  for  ligliting  purposes  or  for  igniting  multiple  cylinder  e 
gines,  in  order  to  obtain  better  results,  they  are  connected 
series  multiple,  as  shown  at  B.    Three  sets  of  cells  joined  in 
are  placed  side  by  side  with  the  free  carbons  at  one  end  a 
and  the  zincs  at  the  other  also  in  line.     The  three  carl 
then  joined  together  by  one  wire,  the  three  zinc  terminala 
other.    AVhen  joined  in  this  manner  the  battery  has  a  voU 
to  that  of  four  cells  and  an  amperage  equal  to  that  of 
If  a  series  connected  battery  as  at  A,  indicates  5  voItB 
amperes,  the  series  multiple  connection  at  B  will  indicate 
and  60  amperes.     When  cells  are  joined  in  multiple  the 
on  any  one  cell  is  reduced  and  it  is  not  so  likely  to  become  i 
hausted  as  when  four  are  used  in  series.    The  points  to  be  watehj 
out  for  wlun  installing  dry  batteries  are  clearly  outlined  at 
bottom  of  Fig.  225.     It  will  be  seen  that  it  is  not  desirable 
terminals  to  come  in  contact  with  each  other  or  with  the 
the  box  nor  is  it  conducive  to  good  ignition  to  have  the  zinc 
in  contact.    A  loose  terminal  (  n  any  one  of  the  batteries  will  I 
suit  in  irregular  ignition   while  a  broken  wire  will  interrapt^ 
altogether.    If  the  insulation  is  frayed  where  a  wire  passes 
a  hole  in  a  metal  battery  box  trouble  may  be  experienced 
short  circuiting  of  the  current  between  the  bare  wire  and 
steel  box,  which  may  be  grounded. 

Storage   Battery  Defects. — The  subject   of  storage 
maintenance  was  thoroughly  covered  in  a  paper  read  by 
Beck  before  the  S.  A.  E.  and  published  in  the  transacti< 
the  society.     Some  extracts  from  this  are  reproduced  in 
tion  with  notes  made  by  the  writer  and  with  excerpts 
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ookg  of  battery  manufacturers  in  order  to  enable  the 
ecnre  a  thorough  grasp  of  this  important  subject  with- 
ing  a  mass  of  literature.  Endeavor  has  been  made  to 
e  technical  points  involved  and  to  make  the  exposition 
t  possible  without  slightiog  any  essential  points.  In 
}  general  adoption  of  motor  starting  sod  lighting  ay^ 
I  modem  automobiles,  the  repairman  or  motonst  must 


attention  to  the  electrical  apparatus  than  formerly 
in  the  simple  magneto  ignition  system  vas  the  only 
art  of  the  automobile.  The  storage  battery  is  one  of 
(nportant  parts  of  the  modem  electrical  systems  aud 
jte  repairmen  must  understand  its  maintenance  and 
I  order  to  care  for  cars  of  recent  manufacture  intelli- 


je  battery,  from  an  elementaTy  standpoint,  consists  of 
re  plates,  positive  and  negative,  insulated  from  each 
abmerged  in  a  jtu-  of  dilute  sulphuric  acid,    't^ie  -^XaXjei. 
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consist  of  finely  divided  lead,  known  as  the  active  material,  h 
in  grids  which  serve  both  as  supports  and  as  conductors  for  \ 
active  material.    The  active  material  being  finely  divided, 
an  enormous  surface  to  the  electrolyte  and  thus  electro-ch^ 
action  can  take  place  easily  and  quickly.    Two  plates  such 
scribed,  would  have  no  potential  difference,  the  active  mat 
each  being  the  same.    If,  however,  current  from  an  outaide 
is  passed  between  them,  one,  the  positive,  will  become 
while  the  other  remains  as  before,  pure  lead.    This 
will  be  found  to  have  a  potential  difference  of  about  two 
and  if  connected  through  an  external  circuit,  current  will 

During  discharge,  the  oxidized  plate  loses  its  oxygen  and 
plates  will  become  sulphated  until,  if  the  discharge  is  carried 
enough,  both  plates  w^iU  again  become  chemically  alike,  the 
material  consisting  of  lead  sulphate.     On  again  charging; 
sulphate  is  driven  out  of  both  plates  and  the  positive  plate 
dized  and  this  cycle  can  be  repeated  as  often  as  desired  until 
plates  are  worn  out.    Thus  charging  and  discharging  sim] 
suit  in  a  chemical  change  in  the  active  material  and  el 
and  the  potential  difference  between  the  plates  and  ca] 
due  to  this  change. 

In  taking  care  of  a  storage  battery,  there  are  four 
which  are  of  the  first  importance: 

First — The  battery  must  be  charged  properly. 

Second — The  battery  must  not  be  overdischarged. 

Third — Short  circuits  between  the  plates  or  from 
under  them,  must  be  prevented. 

Fourth — The  plates  must  be  kept  covered  with  electrolyta 
only  water  of  the  proper  purity  used  for  replacing  eva] 

In  the  event  of  electrical  trouble  which  may  bo 
weak  source  of  current,  first  test  the  battery,  using  a  low 
voltmeter.     Small  pocket  voltmeters  can  be  purchased  for  a^ 
dollars  and  will  be  found  a  great  convenience.     Cells 
tested  individually  and  as  a  battery.     The  proper  time  to 
a  reading  of  a  storage  battery  is  immediately  upon  stoppL 
while  the  engine  is  running.    A  more  definite  determinatioii 
be  made  than  after  the  battery  has  been  idle  for  a  few  houn 
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has  recuperated  more  or  less.  A  single  cell  should  register 
than  two  volts  when  fully  charged,  and  the  approximate  ei 
of  a  three-cell  battery  should  be  about  6.5  volts.  If  the  vo 
is  below  this  the  batteries  should  be  recharged  and  the  sp 
gravity  of  the  electrolyte  brought  up  to  the  required  point 
the  liquid  is  very  low  in  the  cell  new  electrolyte  should  be  ac 
To  make  this  fluid  add  about  one  part  of  chemically  pure 
phuric  acid  to  about  four  parts  of  distilled  water,  and  add  i 
water  or  acid  to*  obtain  the  required  specific  gravity,  whk 
determined  by  a  hydrometer.  According  to  some  authoritiei 
hydrometer  test  should  show  the  specific  gravity  of  the  electn 
as  about  1.208  or  25  degrees  Baume  when  first  prepared  tdfi 
troduction  in  the  cell,  and  about  1.306  or  34  degrees  Baumi  \ 
the  cell  is  charged. 

The  following  table  gives  the  corresponding  specific  grai 
and  Baume  degrees: 


Baum6 

Specific  Gravity 

Baumd 

Specific  Orav 

0 

1.000 

18 

1.141 

1 

1.006 

19 

1.150 

2 

1.014 

20 

1.160 

3 

1.021 

21 

1.169 

4 

1.028 

22 

1.178 

5 

1.035 

23 

1.188 

6 

1.043 

24 

1.198 

7 

1.050 

25 

1.208 

8 

1.058 

26 

1.218 

9 

1.066 

27 

1.228 

10 

1.074 

28 

1.239 

11 

1.082 

29 

1.250 

12 

1.090 

30 

1.260 

13 

1.098 

31 

1.271 

14 

1.106 

32 

1.28S 

15 

1.115 

33 

1.294 

16 

1.124 

34 

1J06 

17 

1.132 

35 

1^18 

The  appended  conversion  formula  and  table  of  eqoiU 
will  be  found  of  value  in  changing  the  reading  of  a  hydr^ 
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iddometer,  from  terms  of  specific  gravity  to  the  Baum^  scale 
^fiee  versa. 

145 

Sp.  Gr.  = at  60*  F. 

145  —  Baum6  degrees 

Kther  Toltage  or  gravity  readings  alone  could  be  used,  but 
ilwth  have  advantages  in  certain  cases,  and  disadvantages  in 
it  is  advisable  to  use  each  for  the  purpose  for  which  it 
fitted,  the  one  serving  as  a  check  on  the  other.     Voltage 
the  great  disadvantage  in  that  it  is  dependent  upon  the  rate 
it  flowing.    Open  circuit  readings  are  of  no  value,  as  a 
leads  almost  the  same  discharged  as  it  does  charged.    On  the 
hand,  a  voltmeter  is  a  very  easy  instrument  to  read  and 
be  located  wherever  desirable.    Specific  gravity  readings  are 
independent  of  the  current  flowing,  but  the  hydrometer 
[£fficult  to  read,  not  very  sensitive  and  the  readings  must  be 

directly  at  the  cells. 
Charging^  the  Storage  Battery. — Oreat  care  should  be  used 
diarging  and  the  charging  rates  given  by  the  various  mann- 
ers should  be  followed  whenever  possible.  It  is  essential 
the  positive  wire  carrying  the  charging  current  be  connected 
the  positive  plates  of  the  battery.  The  positive  pole  of  a 
is  usually  indicated  by  a  plus  sign  or  by  the  letter  *'P.''  In 
of  doubt  always  ascertain  the  proper  polarity  of  the  termi- 
before  charging.  This  is  done  by  immersing  the  ends  in 
rted  water,  about  an  inch  apart.  The  one  around  which 
acre  bubbles  collect  is  the  negative,  and  should  be  connected 
negative  pole  of  the  battery.  If  a  cell  is  not  connected  prop- 
it  will  be  ruined.  A  battery  always  should  be  charged,  if 
)Ic,  at  a  low  charging  rate,  because  it  will  overheat  if  ener- 
too  rapidly.  The  normal  temperature  is  between  70  and 
l^egrees  Fahrenheit.  When  the  battery  is  fully  charged  the 
assumes  a  milky  white  appearance  and  bubbles  of  gas  are 
rising  to  the  surface  of  the  electrolyte.  All  foreign  matter 
be  kept  out  of  the  batteries  as  any  metallic  substance  find- 
way  into  the  cell  or  between  the  terminals  will  short  circuit 
n  and  perhaps  rain  it  before  its  presence  is  knovm*    T\i^ 
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terminals^  the  outside  of  the  cell  and  all  connectionSy  shou 
kept  free  from  acid  or  moisture.  A  neglect  of  these  esse 
means  corrosion  and  loss  of  capacity  by  leakage.  There  i 
point  in  connection  with  the  charge  which  should  be  espe 
emphasized,  namely,  that  the  final  voltage  corresponding  to  i 
charge  is  not  a  fixed  figure,  but  varies  widely,  depending 
the  charging  rate,  the  temperature,  the  strength  of  the  electr 
and  age  of  the  battery.  For  this  reason,  charging  to  a  fixed 
age  is  unreliable  and  likely  to  result  disastrously.  The  d 
should  be  continued  until  the  voltage  or  gravity  cease  risiiii 
matter  what  actual  figures  are  reached.  Old  cells  at  high  tem 
tures  may  not  go  above  2.4  volts  per  cell,  whereas  if  very 
they  have  been  known  to  run  up  to  three  volts. 

The  points  to  be  especially  emphasized  in  connection  witi 
charge  are : 

First — On  regular  charges  keep  the  rates  as  low  as  pra 
and  cut  oflf  the  current  promptly.    It  is  preferable  to  cut 
little  too  soon  rather  than  to  run  too  long  where  there  k 
question. 

Second — Overcharges  must  be  given  at  stated  intervals 
continued  to  a  complete  maximum.  They  should  be  cut  off  a 
proper  point,  but  when  in  doubt  it  is  safer  to  run  too  long,  r 
than  to  cut  off  too  soon. 

Third — Do  not  limit  the  charge  by  fixed  voltage. 

Fourth — Keep  the  temperature  within  safe  limits. 

Fifth — Keep  naked  fiames  away  from  cells  while  char^ 
the  gas  given  off  is  inflammable.  Always  see  that  gas  vent 
clear  before  charging. 

The  following  table  will  undoubtedly  be  of  value  as  a  j 
to  the  proper  charging  rates  of  batteries  of  various  ampere 
capacities,  the  assumption  being  that  these  are  all  3  eell  ImI 
that  will  show  between  6.5  and  7.5  volts  when  folly  dli 
While  most  manufacturers  of  batteries  furnish  instmction  I 
these  may  be  lost,  so  some  compact  reference  is  needed.  TheeN 
dimensions  of  the  batteries  are  given  so  the  capacity  may  be  j| 
mined  even  if  the  marks  of  identification  on  the  name  pW 
obliterated. 
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TABLE  OF  CHARGING  RATES 
Elba  Lxohunq  Battebieb 


Type. 

Normal 
Charging  Ratei. 

24-Hr. 
Charg- 
ing 
Rate 

Volte 

per 

CeUat 

End  of 

Charge 

at 

24-Hr. 

Rate 

Volts  of 
Battery 

at 
End  of 
Charge 

at 

24-Hr. 

Rate 

Size  of  Battery  Over  all 

1 

Start 

Finish 

Len^h 
in  m. 

Width 
in  in. 

Height 
in  m. 

< 

KLB— «(HW 

0 

3 

3 

2J^ 

H 

10^ 

7}^ 

»j^ 

ELB— 60-120 

12 

4 

4 

2J^ 

-JM 

IIH 

7H 

8H 

EI£— 100-150 

15 

5 

5 

2H 

7H 

12K 

7Ji 

»J^ 

KT.R~120-180 

18 

6 

6 

2H 

m 

15^ 

7}^^ 

9H 

HSB— 60-90 

9 

3 

3 

2J^ 

7^ 

9Ji 

6 

10 

'  HSB— 80-120 

12 

4 

4 

21^2 

7H 

11 

6 

io?i 

'  HSB— 100-150 

15 

5 

5 

2M 

tyi 

125^ 

6 

lOji 

HSB— 120-180 

18 

6 

6 

%yi 

7J^ 

15 

6 

lOJi 

2   PAB— 120-180..... 

18 

6 

6 

2H 

7J^ 

lOH 

7H 

UJi 

A  battery  may  be  charged  from  any  source  of  direct  curre 
Oarages,  central  stations,  lighting  plants,  etc.,  can  do  the  wo: 
and  in  many  ingtances  where  direct  current  is  used  for  po^ 
purposes,  a  simple  charging  outfit  is  operated  from  the  dynac 
Where  alternating  current  only  is  available,  a  rectifier  whi 
changes  alternating  current  to  direct  current  may  be  installed  a 
the  battery  charged  with  no  inconvenience  and  at  comparative 
small  cost.  All  of  these  methods  will  be  considered  in  proj 
sequence  and  typical  charging  outfits  described. 

Remedies  for  Loss  of  Battery  Capacity. — ^When  a  batte 
gives  indication  of  lessened  capacity  it  should  be  taken  apart  a 
the  trouble  located.  If  the  cell  is  full  of  electrolyte  it  may 
of  too  low  specific  gravity.  The  plates  may  be  sulphated,  due 
lack  of  proper  charge  or  too  long  discharge.  The  cells  may  ne 
eleaning,  a  condition  indicated  by  short  capacity  and  a  tender 
to  overheat  when  charging.    Sometimes  a  deposit  oi  ^^Avwv^wV 
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the  bottom  of  the  cell  will  short  circuit  the  plates.  If  the  sp 
gravity  is  low  and  the  plates  have  a  whitish  appearance,  1 
being  little  sediment  in  the  cells,  it  is  safe  to  assume  that 
plates  are  sulphated.  Sediment  should  be  removed  from  the 
and  the  plates  rinsed  in  rain  or  distilled  water  to  remove  pari 
of  dirt  or  other  adhering  matter. 

The  rate  at  which  the  sediment  collects,  depends  largely  i 
the  way  a  battery  is  handled  and  it  is,  therefore,  necessar 
determine  this  rate  for  each  individual  case.  A  cell  should  be 
out  after  say  fifty  charges,  the  depth  of  sediment  measured 
the  rate  so  obtained,  used  to  determine  the  time  when  the  ba1 
will  need  cleaning.  As  there  is  apt  to  be  some  variation  in 
amount  of  sediment  in  different  cells,  and  as  the  sedimei 
thrown  down  more  rapidly  during  the  latter  part  of  a  period 
at  the  beginning,  it  is  always  advisable  to  allow  at  least 
fourth  inch  clearance.  If  the  ribs  in  the  bottom  of  the  jars 
1^  inches  high,  figure  on  cleaning  when  the  sediment  read 
depth  of  lyi  inches.  Before  dismantling  a  battery  for  '^washi 
if  practical,  have  it  fully  charged.  Otherwise,  if  the  plates 
badly  sulphated,  they  are  likely  to  throw  down  considerable  ; 
ment  on  the  charge  after  the  cleaning  is  completed. 

There  have  been  many  complaints  of  lack  of  capacity  J 
batteries  after  washing.  Almost  without  exception  this  is  ft 
to  be  due  to  lack  of  a  complete  charge  following  the  cleai 
The  plates  are  frequently  in  a  sulphated  condition  when 
mantled  and  in  any  case  are  exposed  to  the  air  during  the  d 
ing  process,  and  thus  lose  more  or  less  of  their  charge.  "? 
re-a&sembled,  tliey  consequently  need  a  very  complete  charge, 
in  some  cases  the  equivalent  of  the  initial  charge,  and  unless 
charge  is  given,  the  cells  will  not  show  capacity  and  will 
give  trouble  again.  This  charge  should  be  as  complete  as  tha! 
scribed  elsewliere  in  connection  with  the  initial  charge, 

** Flushing"  or  replacing  evaporation  in  cells  with  eleetn 

instead  of  water,  is  a  most  common  mistake.     The  plates 

storage  battery  must  always  be  kept  covered  with  electrolyte^ 

the  evaporation  must  be  replaced  with  pure  water  only.    1 

seems  to  he  a  more  or  less  general  tendency  to  oonfnse  the 


Remedies  for  Loss  of  Battery  Capacity        4o' 

trdyte  of  a  storage  battery  with  that  of  a  primary  cell,  Th 
latter  becomes  weakened  as  tlie  cell  discharges  and  eventually  re 
qnires  renewal.  'With  the  storage  battery,  however,  this  is  nc 
the  case,  at  least  to  anything  like  the  same  degree,  and  unless  aeii 
IB  actually  lost  through  slopping  or  a  broken  jar,  it  should  no 


Fig.  228^— Simple  Btond  for  Canylng  Electrolrt«  or  DlBtUled  W»t«r  at  A. 
Uatbod  of  nslng  BolUnson  B«ctlfler  Bbown  at  B. 

be  necessary  to  add  anything  but  water  to  the  cells  between  clean 
ings.  Acid  goes  into  the  plates  during  discharge,  but  with  prope: 
chaining  it  will  all  be  driven  out  again  so  that  there  will  be  practi 
eall7  no  lo«  in  Hie  specific  gravity  readings,  or  at  least  one  si 
slight  that  it  does  not  require  adjustment  between  cleanings 
Thiu,  unless  some  of  the  electrolyte  has  actually  been  lost,  if  thi 
specific  gravity  readings  are  low,  it  is  an  indication  that  some 
thing  is  wrong,  but  the  trouble  is  not  that  the  leadiii^  kt«  Vq*^ 
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but  that  something  is  causing  them  to  be  low,  and  the  proper  t 
to  do  is  to  remove  the  cause  and  not  try  to  cover  it  up  by  do- 
ing the  indicator.  The  acid  is  in  the  cells  and  if  it  does  not  i 
in  the  readings,  it  must  be  in  the  form  of  sulphate,  and  the  pr 
thing  to  do  is  to  remove  the  cause  of  the  sulphation  if  thei 
one,  and  then  with  proper  charging,  drive  the  acid  out  of 
plates  and  the  specific  gravity  readings  will  then  come  back  tc 
proper  point.  The  too-frequent  practice  in  such  cases  is  to 
electrolyte  to  the  cells  in  order  to  bring  up  the  readings^  w 
as  already  explained,  are  only  the  indication  of  the  trouble, 
this  further  aggravates  the  condition,  until  finally  the  plates 
come  so  sulphated  that  lack  of  capacity  causes  a  complaint.  ' 
practice  of  adding  electrolyte  to  cells  instead  of  water,  seem 
be  coming  more  and  more  common. 

//  there  is  any  doubt  about  the  polarity  of  the  plates  wheh 
assembling  after  cleaning  it  is  well  to  note  that  the  positive  % 
is  chocolate  in  color  and  the  negative  is  gray. 

When  plates  are  sulphated,  to  restore  them  to  their  orig 
condition  it  is  necessary  that  the  battery  be  given  a  long,  \ 
charge  at  about  a  quarter  or  a  third  of  the  normal  charging  i 
This  should  be  continued  until  the  electrolyte  has  reached 
proper  specific  gravity  and  the  voltage  has  attained  its  maxiiB 

It  should  be  understood  that  sulphating  is  a  normal  as 
as  an  abnormal  process  in  the  charge  and  discharge  of  stoi 
batteries,  and  the  difference  is  in  the  degree,  not  the  process. 
abnormal  condition  is  that  ordinarily  referred  to  by  the  term. 
normal  service  sulphating  does  not  reach  the  point  where  i 
difficult  to  reduce,  but  if  carried  too  far,  the  condition  becomfl 
complete  that  it  is  difficult  to  reduce,  and  injury  results.  A 1 
crude  method  of  illustrating  the  different  degrees  of  solphatiljj 
to  consider  it  as  beginning  in  individual  particles  anifoniiIjJ| 
tributed  throughout  the  active  material.  Each  particle  of  8iil|l 
is  then  entirely  surrounded  by  active  material.  The  sulphate  ij| 
is  a  non-conductor,  but  being  surrounded  by  active 
current  can  reach  it  from  all  sides  and  it  is  easily  reduced. 
is  normal  sulphate.  As  the  action  goes  further  the  pi 
sulphate  become  larger  and  ioin  together  and  th^ 
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ducting  surface  is  greatly  reduced  in  comparison  with  their  v< 
ume  so  that  it  becomes  increasingly  difficult  to  reduce  them  ai 
we  have  abnormal  sulphate. 

The  general  cure  for  sulphating  is  charging,  so  that  a  cell  he 
ing  been  mechanically  restored,  the  electrical  restoration  consii 
simply  in  the  proper  charging.  Sulphate  reduces  slowly  and 
this  account  it  is  a  good  plan  to  use  a  rather  low  current  ra 
High  rates  cause  excessive  gassing,  heating  and  do  not  hasten  t 
process  appreciably,  so  that  it  is  the  safer  as  well  as  the  mo 
efficient  plan  to  go  slowly.  A  good  rate  is  about  one-fifth  norm; 
The  length  of  charge  will  depend  upon  the  degree  of  sulphatii 
In  one  actual  case  it  required  three  months'  charging  night  ai 
day  to  complete  the  operation,  but  this  was,  of  course,  an  exce 
tional  one.  The  aim  should  be  to  continue  until  careful  volta 
and  gravity  readings  show  no  further  increase  for  at  least  t 
hours  and  an  absolute  maximum  has  been  reached.  In  serio 
cases  it  may  be  advisable  to  even  exceed  this  time  in  order 
make  absolutely  sure  that  all  sulphate  is  reduced,  and  where  the 
is  any  question  it  is  much  safer  to  charge  too  long,  rather  than 
risk  cutting  off  too  soon.  A  partial  charge  is  only  a  tempora 
expedient,  the  cell  still  being  sulphated  will  drop  behind  again. 

Battery  Charging  Apparatus. — The  apparatus  to  be  used 
charging  a  storage  battery  depends  upon  the  voltage  and  charact 
of  the  current  available  for  that  purpose.  Where  direct  curre 
can  be  obtained  the  apparatus  needed  is  very  simple,  consist!] 
merely  of  some  form  of  resistance  device  to  regulate  the  ampera 
of  the  current  allowed  to  flow  through  the  battery.  The  interr 
resistance  of  a  storage  battery  is  very  low  and  if  it  were  coupl 
directly  into  a  circuit  without  the  interposition  of  additional  i 
sistance  an  excessive  amount  of  current  would  flow  through  t 
battery  and  injure  the  plates.  When  an  alternating  current 
used  it  is  necessary  to  change  this  to  a  uni-directional  flow  befo 
it  can  be  passed  through  the  battery.  Alternating  current  is  th 
which  flows  flrst  in  one  direction  and  immediately  afterward 
the  reverse  direction.  When  used  in  charging  storage  batteri 
some  form  of  rectifier  is  essential.  The  rectifier  may  be  a  simp 
form  as  shown  at  Fig.  227,  A,  which  is  intended  \o  \>^  ito\i^\^ftL 
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rectly  into  a  lighting  circuit  by  screwing  the  plug  attached  to  the 
flexible  cord  in  the  lamp  socket.  A  rotary  converter  set  such  as 
shown  at  B,  may  also  be  used,  in  this  the  alternating  current  is 
depended  on  to  run  an  electric  motor  which  drives  the  armature 
of  a  direct  current  dynamo.  The  current  to  charge  the  battery 
is  taken  from  the  dynamo,  as  it  is  suitable  for  the  purpose,  whereas 
that  flowing  through  the  motor  cannot  be  used  directly. 

The  view  at  Fig.  227,  C,  shows  a  usual  form  of  hydrometer- 
syringe  which  is  introduced  into  the  vent  hole  of  the  storage  bat- 
tery such  as  shown  at  E  and  enough  electrolyte  drawn  out  of  the 
cell  to  determine  its  specific  gravity.  This  is  shown  on  the*  hydrom- 
eter scale  as  indicated  in  the  enlarged  section  at  D.  A  very 
useful  appliance  where  considerable  storage  battery  work  is  done 
is  sliown  at  Fig.  228,  A.  Tliis  is  a  stand  of  simple  form  designed 
to  carry  a  carboy  containing  either  acid,  distilled  water,  or  elec- 
trolyte. In  fact,  it  might  be  desirable  to  have  three  of  these  stands, 
which  are  inexpensive,  one  for  each  of  the  liquids  mentioned.  In 
many  repair  shops  the  replenishing  of  storage  batteries  is  done  in 
a  wasteful  manner  as  the  liquid  is  carried  around  in  a  bottle  or 
old  water  pitcher  and  poured  from  that  container  into  the  battery, 
often  without  the  use  of  a  funnel.  The  chances  of  spilling  are,  of 
course,  greater  than  if  the  liquids  were  carefully  handled  and  more 
time  than  necessary  is  consumed  in  doing  the  work.  The  stand  shown 
is  about  5  feet  high  and  is  fitted  with  castors  so  it  may  be  easily 
moved  about  the  shop  if  necessary.  For  example,  in  taking  care 
of  electric  vehicle  batteries  it  may  be  easier  to  move  the  carboy 
to  the  battery  than  to  remove  the  heavy  battery  from  the  auto- 
mobile. The  container  for  the  liquid  is  placed  on  top  of  the  stand 
and  the  liquid  is  conveyed  from  it  by  a  rubber  tube.  The  rubber 
tube  is  attaclied  to  a  glass  tube  extending  down  nearly  to  the 
bottom  of  the  liquid.  At  the  bottom  of  the  rubber  tube  an  ordi* 
nary  cliemist  's  clip  which  controls  the  flow  of  liquid  is  placed.  In 
order  to  start  a  flow  of  liquid  it  is  necessary  to  blow  into  a  bent 
glass  vent  tube  whieli  is  also  inserted  into  the  stopper.  Once  the 
rubber  tube  has  become  filled  with  lic^uid  merely  opening  the  dip 
will  allow  the  liquid  to  flow  into  the  battery  as  desired. 

In  most  communities  the  incandescent  lighting  circuit  is  used 
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for  charging  batteries  on  account  of  the  voltage  of  the  po^ 

cirenits  being  too  high.    The  incandescent  lighting  circuit  may 

my  one  of  six  forms.    A  direct  current  of  either  110  or  220  v( 

used  over  short  distances,  either  220  or  440  volts  on  three  yf 

[  dreuits  over  long  distances,  alternating  current  at  a  consti 

I  potential,  usually  110  volts  and  in  various  polyphase  systems. 

i  Blight  be  stated  that  in  the  majority  of  instances  house  and  gan 

r  lifting  circuits  furnish  direct  current  of  110  volts.    We  will  c« 

I  rider  the  devices  used  with  the  alternating  form  one  of  which 

I  ahown  at  Fig.  228,  B.    This  is  known  as  the  RoUinson  electrol}? 

t  rectifier  which  is  based  upon  the  following  principles:   When 

I  element  of  aluminum  and  a  corresponding  element  or  plate  of  ii 

I  are  submerged  in  a  solution  of  certain  salts,  using  these  eleme: 

i  as  negative  and  positive  terminals,  respectively,  the  passage  of 

I  deetric  current  through  the  solution  produces  a  chemical  act: 

I  which  forms  hydroxide  of  aluminum.    A  film  of  hydroxide  tl 

I  formed  on  the  aluminum  element  repels  the  current.    The  arran 

I  ment  of  the  cell  will  then  permit  current  to  pass  through  it  in  ( 

direction  only,  the  film  of  chemical  preventing  it  from  passing 

the  opposite  direction.    The  result  is  that  if  an  alternating  c 

rent  is  supplied  to  the  cell  a  direct  pulsating  current  can  be  < 

tained  from  it.     The  outfits  usually  include  a  transformer  : 

reducing  the  line  voltage  to  the  lower  voltages  needed  for  batt( 

charging  purposes.    Regulation  of  the  current  is  effected  in  1 

simplest  type  by  immersing  the  elements  more  or  less  in  the  so 

tion  in  the  jar.    As  complete  instructions  are  furnished  by  1 

manufacturers  it  will  not  be  necessary  to  consider  this  form 

rectifier  in  detail. 

One  of  the  most  commonly  used  rectifying  means  is  the  mercv 
are  bnlb.  This  device  is  a  large  glass  tube  of  peculiar  shape, 
ahown  at  Fig.  229,  which  contains  in  the  base  a  quantity  of  m 
eury.  On  either  side  of  this  lower  portion  two  arms  of  the  gL 
bnlbs  extend  outwardly,  these  being  formed  at  their  extremit 
into  graphite  terminals  or  anodes  indicated  as  A  and  A-1.  T 
eorrent  from  the  auto  transformer  is  then  attached  one  to  ea 
side.  The  base  forms  the  cathode  or  mercury  terminal  for  t 
negative  wires.    The  theory  of  this  action  is  somewhat  eom^\\<i^\i 
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but  may  be  explained  simply  without  going  too  much  into  c 
The  interior  of  the  tube  is  in  a  condition  of  partial  vacuun 
while  the  mercury  is  in  a  state  of  excitation  a  vapor  is  sup] 
This  condition  can  be  kept  up  only  as  long  as  there  is  a  cu 
flowing  toward  the  negative.     If  the  direction  of  the  currei 
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Fig.  229. — ^Wiring  Diagram  Defining  Use  of  Merciir7  Are  SectifiM 


reversed  so  that  the  formerly  negative  pole  becomes  a  positivi 
current  ceases  to  flow,  as  in  order  to  pass  in  the  oppofiite  d 
tion  it  would  require  the  formation  of  a  new  cathode  dfil 
Therefore  the  flow  is  always  toward  one  electrode  which  ii 
excited  by  it.  A  tube  of  this  nature  would  ceaae  to  opond 
alternating  current  voltage  after  half  a  cycle  if  some 
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not  provided  to  maintain  a  flow  continuously  toward  the  negati 
electrode.  In  the  General  Electric  rectifier  tube  there  are  U 
anodes  and  one  cathode.  Each  of  the  former  is  connected  to 
separate  side  of  the  alternating  current  supply  and  also  throu^ 
reactances  to  one  side  of  the  load  and  the  cathode  to  the  othe 
As  the  current  alternates,  first  one  anode  and  then  the  other  b 
comes  positive  and  there  is  a  continuous  flow  towards  the  mercui 
cathode  thence  through  the  load  (in  this  case  the  battery  to  1 
charged)  and  back  to  the  opposite  side  of  the  supply  through 
reactance.  At  each  reversal  the  latter  discharges,  thus  maintainii 
the  arc  until  the  voltage  reaches  the  value  required  to  mainta 
the  current  against  the  counter  E.  M.  F.  and  also  reducing  tl 
fluctuations  in  the  direct  current.  In  this  way,  a  true  continuoi 
flow  is  obtained  with  very  small  loss  in  transformation. 

A  small  electrode  connected  to  one  side  of  the  alternating  ci 
cuit  is  used  for  starting  the  arc.  A  slight  tilting  of  the  tube  mak 
a  mercury  bridge  between  the  terminal  and  draws  an  arc  as  soc 
as  the  tube  is  turned  to  a  vertical  position.  The  ordinary  for 
used  for  vehicle  batteries  has  a  maximum  current  capacity  of  i 
amperes  for  charging  the  lead  plate  type  and  a  larger  form  i: 
tended  for  use  with  Edison  batteries  yields  up  to  a  limit  of  I 
amperes.  Those  for  charging  ignition  batteries  will  pass  5  ai 
peres  for  one  to  charge  six  cells  and  a  larger  one  that  will  pa 
10  amperes  for  from  three  to  ten  batteries.  As  is  true  of  the  electr 
lytic  rectifler  complete  instructions  are  furnished  by  the  man^ 
facturer.  for  their  use. 

The  Wagner  device,  which  is  shown  at  Fig.  227,  A,  operat 
on  a  new  principle  and  comprises  a  small  two  coil  transformer 
reduce  the  line  voltage  to  a  low  flgure ;  the  rectifler  proper  whic 
consists  of  a  vibrating  armature  in  connection  with  an  elect] 
magnet  and  a  resistance  to  limit  the  flow  of  the  charging  currer 
A  meter  is  included  as  an  integral  part  of  the  set  for  measurii 
the  current  flow.  All  sets  are  sold  for  use  with  ignition  or  ligh 
ing  batteries  of  low  voltage  with  a  lamp  socket  plug  and  attac! 
ing  cor<l,  the  idea  being  to  utilize  an  ordinary  lighting  circuit  ( 
110  volts  A.  C,  The  magnet  and  vibrating  armature  accomplit 
the  rectification  of  the  current  witli  little  loss,  W\&  aeWwi  ^X 
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connection  to  the  battery  which  is  to  be  charged  proceeding  auto- 
matically. By  a  simple  device,  the  current  stoppage  throws  the 
main  contacts  open  so  the  partially  charged  battery  cannot  be 
rapidly  discharged.  While  the  rectifiers  are  constructed  to  use 
60  cycle,  110  volt  alternating  current  they  will  work  at  all  fre- 
quencies from  57  to  63.  The  size  made  will  pass  three  to  five 
amperes,  the  voltage  being  sufficient  to  recharge  a  three  cell  battery. 

When  batteries  are  to  be  charged  from  a  direct  current  it  ia 
possible  to  use  a  rheostat  to  regulate  the  voltage  at  the  terminals. 
The  construction  of  a  rheostat  is  very  simple  as  it  consists  only 
of  a  group  of  high  resistance  coils  of  wire  mounted  in  insulating 
material  and  having  suitable  connections  with  segments  on  the 
base  plate  upon  which  is  mounted  the  operating  arm  that  makes 
the  contact.  According  to  the  manner  in  which  these  are  made 
and  wired  a  large  resistance  is  introduced  at  first,  gradually  de- 
creasing as  the  lever  is  moved  over  or  it  may  operate  in  the  re- 
verse fashion,  a  large  amount  of  current  being  allowed  to  pass 
at  the  first  contact  and  less  as  the  handle  progresses  across  the 
path.  Rheostats  should  only  be  purchased  after  consulting  a  cap 
able  electrician  as  the  required  resistance  must  be  figured  oul 
from  the  voltage  of  the  circuit  to  be  used,  the  maximum  batterj 
current,  the  charging  rate  in  amperes  and  the  number  of  cells  t< 
be  charged  at  one  time. 

By  far  the  simplest  method  of  charging  storage  batteries  ii 
by  interposing  a  lamp  bank  resistance  instead  of  the  rheostat 
These  are  easily  made  by  any  garage  mechanic  and  are  very  satis 
factory  for  charging  ignition  or  lighting  batteries.  Standard  car 
bon  lamps  of  the  voltage  of  the  circuit  shown  should  be  used  anc 
the  amperes  needed  for  charging  can  be  controlled  by  varying  th( 
candle  power  and  the  number  of  lamps  used.  If  the  lamps  are  tc 
operate  on  110  volt  circuit,  a  16*  candle  power  carbon  filament 
lamp  will  permit  one-half  ampere  to  pass;  a  32  candle  power  will 
allow  1  ampere  to  pass.  If  it  is  desired,  therefore,  to  pass  three  am 
peres  through  the  battery,  one  could  use  3-32  candle  power  lamps 
or  6-16  candle  power  lamps.  If  the  lamps  are  to  bum  on  220  volti 
it  should  be  remembered  that  when  the  voltage  is  doubled  th( 
amperage  is  cut  in  half,  therefore  the  32  candle  power,  220  voli 
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bon  filameat  bulbs  iriU  only  pass  half  ao  ampere.  The  method 
wiring  is  very  simple  as  may  be  readily  ascertained  by  re- 
Ting  to  Fig.  230.  The  line  wires  are  attached  to  a  fuse  block 
d  then  to  a  double  knife  switch.  The  switch  and  fuse  block 
t  Tisnally  mounted  on  &  panel  of  insulating  material  such  as 
ite  or  marble.  One  of  the  wires,  the  positive  of  the  circuit,  runs 
on  the  switch  directly  to  the  positive  terminal  of  the  storage 


Tig.  230. — Obuglng  atortgs  Batter;  from  Dfi«ct  Onitoat. 


!ei7.  The  negative  wire  from  the  switch  passes  to  the  lamp 
k  resistance.  The  lamps  are  placed  in  parallel  connection  with 
cct  to  each  other  but  in  -series'  connection  in  respect  to  the 
My.  "When  coupled  in  this  manner  the  current  must  overcome 
eombined  resistance  of  the  storage  battery  which  is  very  low 
Out  of  the  lamps.  This  prevents  the  battery  being  charged 
enrrent  of  too  high  voltage. 

.  complete  commercial  installation  which  has  been  used  suc- 
ally  with  a  direct  current  of  110  volts  pressure  and.  ■«V\*^ 
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has  a  capacity  for  charging  30-6  volt  batteries  simultaneously  u 
composed  of  two  charging  sets  either  of  which  may  be  employed 
independently  or  both  may  be  used  at  same  time.  The  method 
of  wiring  is  clearly  shown  at  Fig.  231.  In  this  a  three  wire  system 
is  employed  for  lighting.  This  consists  of  one  positive  wire  and 
two  negative  conductors,  forming  in  reality  two  separate  circuits 
so  that  one  half  of  the  installation  is  on  one  wire,  while  the  re- 
mainder is  on  the  other  two.  An  upper  branch  is  used  merely 
for  illumination.  On  either  half  of  the  three  wire  double  circuit 
is  placed  a  bank  of  lamps,  these  being  in  series  with  the  batteries 
but  the  lamps  are  in  multiple  with  each  other.  The  board  at  the 
left  has  9  sockets,  that  at  the  right  12  sockets.  The  number  ol 
lamps  placed  in  these  and  their  candle  power  regulate  the  amount 
of  current  in  amperes  that  wall  pass  through  the  battery.  As  wc 
have  seen,  battery  manufacturers  advise  that  certain  minimum  and 
maximum  charging  rates  be  used.  Assuming  that  the  maximum 
is  3  amperes,  to  pass  a  current  of  this  value  through  the  battery, 
it  will  be  necessary  to  screw  in  6-16  candle  power  lamps  which  wil 
average  55  watts  each,  which  means  that  at  a  pressure  of  110  volte 
they  require  a  current  strength  of  half  ampere.  If  fitted  with  16 
candle  power  lamps  the  12  socket  lamp  bank  w^ll  pass  6  amperea 
and  double  this  amount  with  lamps  of  twice  the  candle  power. 

The  meter  installation  shown  between  the  charging  boards  is  U 
determine  the  amount  of  current  passing  through  the  storage  bat 
tery  and  as  it  is  a  low  reading  instrument,  a  low  resistance  shuni 
is  interposed  so  that  any  overload  will  pass  over  the  shunt  instead 
of  through  the  instrument  which  is  calibrated  to  measure  currents 
up  to  30  amperes.  With  the  small  single  blade  knife  switches  ii 
circuit  the  current  will  not  pass  through  the  instrument^  as  it  ]£ 
not  advisable  to  include  tliis  in  the  circuit  permanentl/,  because 
the  passage  of  current  through  the  windings  may  result  in  in- 
jurious heating.  To  get  a  reading  from  either  side  the  single  blade 
switch  is  thrown  off  and  the  double  throw  male  member  of  switdi 
is  placed  in  contact  between  the  blades  on  the  side  of  which  s 
reading  is  to  be  taken.  It  will  be  seen  that  the  wires  are  crossed 
at  tlie  right  of  the  two-way  switch  to  cause  the  current  to  flo^ 
through  the  instrument  in  the  right  direction  and  also  to  have 
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negative  terminal  of  each  charging  board  at  the  left.  This 
iinates  any  confusion  and  the  terminals  are  plainly  marked 
it  is  not  i)06sible  to  make  a  mistake  when  coupling  batteries, 
len  more  than  one  battery  or  set  of  cells  is  being  charged  they 
t  wired  in  series,  the  negative  terminal  of  one  battery  being 
ipled  to  the  positive  terminal  of  the  neighboring  one.  In  con- 
sting  a  battery  to  the  charging  board  the  negative  wire  should 
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f.  23L — Wixlng  Diagram,  Showing  InstaUation  for  Cliarging  Storage 
Batteiy  ftom  Direct  Onrrent,  Using  Lamp  Bank  Besistance. 

lys  be  coupled  to  the  negative  terminal  of  the  battery  and  the 
tfre  wire  to  the  corresponding  battery  terminal. 
features  of  the  Edison  Cell. — The  instructions  given  apply 
to  batteries  of  the  lead  plate  type  and  not  to  the  Edison  bat- 
which  is  entirely  different  in  construction.  The  Edison  cell 
an  electrolyte  consisting  of  21%  solution  of  potash  in  distilled 
r  so  that  the  electrolyte  is  alkaline  instead  of  acidulous.  The 
hre  plates  consist  of  a  series  of  perforated  steel  tubes  which 
eavily  nickel-plated  and  which  are  filled  with  alternate  layers 
dcel  hydroxide  and  pure  metallic  nickel  in  very  thm  p\bXi^. 
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The  tube  is  drawn  from  a  perforated  ribbon  of  steel,  nickel-plated 
and  has  a  spiral  lapped  seam.  After  being  filled  with  active  ma- 
terial it  is  reenforced  with  eight  steel  bands  which  prevent  the 
tube  expanding  away  from  and  breaking  contact  with  its  con- 
tents. The  negative  plate  consists  of  a  grid  of  cold  rolled  steel, 
also  heavily  nickel-plated,  holding  a  number  of  rectangular  pockets 
filled  with  powdered  iron  oxide.  These  pockets  are  also  made  up 
of  finely  perforated  steel,  nickel-plated.  After  the  pockets  are 
filled  they  are  inserted  in  the  grid  and  subjected  to  considerable 
pressure  between  dies  which  corrugate  the  surfaces  of  the  i>ocketfl 
and  forces  them  into  positive  contact  with  the  grids.  These  ele- 
ments are  housed  in  a  jar  or  container  made  from  cold  rolled  steel 
which  is  thoroughly  welded  at  the  seams  and  heavily  nickel-plated. 
The  plates  are  assembled  in  positive  and  negative  groups  by  means 
of  threaded  steel  rods  passing  through  holes  in  one  corner  of  the 
plates  and  insulating  washers.  The  terminal  post  is  secured  tc 
the  middle  of  the  rod.  The  complete  element  or  plate  assembly 
stands  on  hard  rubber  bridges  on  the  bottom  of  the  can  and  is 
kept  out  of  contact  with  the  sides  of  the  container  by  hard  rubbei 
spacers  attached  to  the  end.  The  can  cover  is  also  of  sheet  steel 
and  contains  fittings  through  which  the  electrodes  pass,  these  being 
insulated  from  the  cover  by  bushings  of  insulating  material.  A 
combined  filling  aperture  and  vent  plug  is  secured  to  the  center  ol 
the  cover  plate.  For  6  volt  ignition  and  lighting  service  it  i£ 
necessary  to  use  5  cells  owing  to  the  lesser  voltage  of  the  Edison 
batteries.  The  average  voltage  during  discharge  is  but  1.2  volts 
per  cell  and  is  not  as  constant  as  is  the  case  with  a  lead  battery, 
the  voltage  of  which  may  be  as  high  as  2.5  volts  per  cell. 

An  Edison  6.5  volt  battery  used  for  lighting  or  ignition  may 
be  charged  completely  in  ten  hours.  A  feature  of  the  Edison 
battery  is  that  overcharging  at  the  normal  rate  has  no  harmful 
effects  and  it  is  advised  by  the  maker  to  give  the  battery  a  12 
hour  charge  once  every  60  days  or  when  the  electroljrte  is  re- 
plenished. The  electrolyte  must  be  kept  suflSciently  high  so  as  to 
cover  the  plates  and  any  loss  by  evaporation  must  be  compensated 
for  by  the  addition  of  distilled  water.  Another  feature  in  which 
the  Edison  battery  is  superior  to  the  lead  plate  type  is  that  the 
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plates  will  not  be  injured  if  the  cells  are  allowed  to  stand  in  a  c 
charged  condition.  The  external  portions  of  the  cells  must 
kept  clean  and  dry  because  the  container  or  can  is  made  of  a  c< 
ducting  material.  The  vent  caps  must  be  kept  closed  except  wl 
replacing  electroljrte  or  bringing  the  level  up  to  the  proper  heij 
by  adding  distilled  water.  Care  should  be  taken  to  avoid  sh^ 
circuiting  of  the  battery  by  tools  or  metal  objects  and  special  e 
phasis  is  laid  on  the  precaution  that  no  acid  or  electrolyte  c< 
taining  acid  be  poured  into  the  cells.  It  is  said  that  the  Edw 
battery  has  a  longer  life  than  the  lead  plate  type  of  equal  capaci 

Winter  Care  of  Storage  Batteries. — It  would  not  do  sim] 
to  leave  the  battery  in  the  car  for  a  period  of,  say,  4  or  5  mon 
without  giving  it  any  care  or  attention,  for  in  that  case  at  1 
end  of  that  time  it  would  be  found  to  have  its  plates  so  thicl 
covered  with  lead  sulphate  as  to  make  it  practically  useless.  I 
storage  batteries  **to  rest  is  to  rust'*  and  become  ruined,  unl 
special  precautions  are  taken.  Automobile  storage  batteries  i 
all  or  nearly  all  of  the  sealed-in  type  from  which  the  eleme] 
cannot  be  removed  without  a  great  deal  of  trouble.  Therefo 
the  only  method  of  keeping  the  plates  intact  consists  in  chargi 
the  battery  at  intervals  of  about  two  weeks.  The  following  j 
vice  concerning  the  care  of  batteries  during  a  protracted  peri 
of  idleness  of  the  car  is  due  to  the  Willard  Storage  Battery  C 
and  refers  especially  to  the  batteries  of  starting  and  lighti 
systems. 

At  intervals  of  2  weeks  the  engine  should  be  run  until  1 
electrolyte  shows  a  specific  gravity  of  1.280.  If  this  is  done  re^ 
larly  the  engine  need  be  run  only  about  an  hour  each  time.  E 
if  the  owner  should  not  be  in  possession  of  an  hydrometer,  it 
better  to  run  the  engine  for  2  or  3  hours  each  time,  for  the  ss 
of  safety.  To  charge  the  battery  properly  the  engine  should 
run  at  a  speed  corresponding  to  a  car  speed  of  about  20  mph 
the  direct  drive.  There  may  be  cases,  however,  where  the  owi 
is  compelled  to  store  his  car  in  a  space  where  it  is  practically  i 
possible  to  run  the  engine.  Where  this  is  the  case,  it  is  reco 
mended,  if  electric  current  is  available,  that  the  o\\Tier  purchj 
a  rectifier  or  small  charging  machine.    A  charge  ov<ir  mg^lvt^ 
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for  about  12  hours,  every  2  weeks  with  this  apparatus  will  b 
sufficient  to  keep  the  battery  in  a  healthy  condition.  Before  be 
ginning  the  charging  the  battery  should  be  inspected  to  see  if  it  i 
filled  with  solution.  If  the  solution  needs  replenishing,  distillec 
water  should  be  added  until  the  solution  fully  covers  the  plates 
which  may  be  determined  by  removing  the  vent  plugs  and  lookinj 
down  into  the  cells.  In  case  it  is  impossible  to  run  the  engine  foi 
charging  and  the  owner  does  not  care  to  incur  the  expense  oj 
purchasing  a  rectifier,  he  should  remove  the  battery  from  the  cai 
and  arrange  for  its  storage  at  a  garage  which  has  charging  faeili 
ties,  stipulating  that  it  must  be  charged  every  2  weeks.  The  cosi 
of  having  it  so  cared  for  will  be  nominal  and  will  prove  excelleni 
insurance  against  deterioration. 

To  care  for  storage  batteries  of  a  type  that  is  easily  taken  apar 
the  following  method  is  recommended:  First  charge  the  batter] 
until  every  cell  is  in  a  state  of  complete  charge.  If  there  shoulc 
be  any  short  circuited  cells  they  should  be  put  into  condition  be 
fore  the  charge  is  commenced,  so  that  they  will  receive  the  ful 
benefit  of  the  charge.  Then  remove  the  elements  from  the  jars 
separating  the  positive  from  the  negative  groups,  and  place  ii 
water  for  about  1  hour  to  dissolve  out  any  electrolyte  adhering  t< 
the  plates.  Then  withdraw  the  groups  and  allow  them  to  draii 
and  dry.  The  positives  when  dry  are  ready  to  be  put  away.  Ii 
the  negatives  in  drying  become  hot  enough  to  steam,  they  shoulc 
be  rinsed  or  sprinkled  again  with  clean  water  and  then  alloweii 
to  dry  thoroughly.  When  dry,  the  negatives  should  be  replacec 
in  the  electrolyte  (of  from  1.275  to  1.300  specific  gravity),  can 
being  taken  to  immerse  them  completely  and  allow  them  to  soak  foi 
3  or  4  hours.  Two  groups  may  be  placed  in  a  jar  and  the  jai 
filled  with  electrolyte.  After  rinsing  and  drying  the  plates  ar« 
ready  to  be  put  away. 

The  rubber  separators  should  be  rinsed  in  water.  Wood  sepa- 
rators after  having  been  in  service,  will  not  stand  much  handling 
and  had  better  be  thrown  away.  If  it  is  thought  worth  while  tc 
keep  them  they  must  be  immersed  in  water  or  weak  electrolyte^ 
and  in  reassembling  the  electrolyte  must  be  put  into  the  cells  im- 
mediately^ as  wet  wood  separators  must  not  stand  exposed  to  thi 
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air  for  any  unnecessary  moment,  especially  when  in  contact  w: 
plates.  Storage  batteries  always  should  be  stored  in  a  dry  pla 
preferably  in  one  where  the  temperature  will  never  fall  below  4 
Pahr.  Storage  battery  solution  or  electrolyte  varies  greatly 
density  between  the  points  of  complete  charge  and  complete  d 
charge.  When  completely  discharged  the  electrolyte  of  the  av 
age  battery  has  a  specific  gravity  of  1.14,  and  a  sulphuric  a< 
solution  of  1.14  specific  gravity  has  a  freezing  point  of  about  1 
Pahr.  Therefore,  if  a  completely  discharged  battery  is  allowed 
stand  where  it  is  exposed  to  extremely  low  temperature  it  is  qu 
possible  for  the  electrolyte  to  freeze  and  the  cells  to  be  injured 
consequence.  However,  as  already  pointed  out,  a  battery  for  otl 
reasons  must  not  be  allowed  to  stand  in  the  discharged  conditi 
for  any  length  of  time.  With  increasing  charge  the  density  of  t 
electrolyte  increases  until,  when  the  charge  is  complete,  it  attai 
1.28  specific  gravity.  The  freezing  temperature  of  the  soluti 
drops  very  quickly  as  the  specific  gravity  increases,  somewhat 
follows : 

Spec.  Grav.  Freez.  Point  Degrees 

1.14    +10 

1.16    4-  5 

1.175    —  4 

1.20    —16 

1.225    —36 

1.25    —60 

1.28    —85 

Consequently  there  is  no  possibility  of  a  storage  battery  bei 
injured  by  freezing  in  this  latitude  if  it  is  kept  in  a  fair  state 
charge. 

Timer  Defects  and  Bestoration. — In  any  high  tension  igniti 
system  the  primary  circuit  either  of  the  battery  or  the  magne 
must  be  interrupted  at  stated  times  in  order  to  produce  the  spa 
necessary  to  ignite  the  gaseous  charge  at  the  instant  of  maxima 
compression  or  when  the  piston  reaches  the  end  of  its  up  strol 
A  timer  is  really  a  mechanically  operated  switch  capable  of  < 
tablishing  a  large  number  of  contacts  per  minute  without  und 
depreciation.    The  timer  shown  at  Fig.  232,  is  used  on  the  Fo 
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motor  and  is  the  surviving  type  of  numerous  designs  th 
been  made  for  this  purpose.  This  device  is  sometimes  < 
"commutator"  and  consists  of  an  aluminum  case  circular 
and  having  a  projecting  bushing  or  passage  through  wl 
camshaft  of  the  motor  extends.  The  contact  is  establish) 
revolving  arm  which  carries  a  roller  that  makes  contact  vt 
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Fig.  232. — Timer  TJMd  oa  Ford  AatomoUlM, 


ments  or  blocks  imbedded  in  a  fibre  ring  which  serves  to 
them  from  the  metal  parts  of  the  timer. 

The  number  of  contact  segments  and  their  placing  i 
upon  the  number  of  cylinders  it  is  necessary  to  ignite.  Or 
cylinder  motor  four  contact  blocks  are  used,  spaced  90 
apart.  For  a  two  cylinder  motor  of  the  form  ordinarily 
to  automobiles  but  two  of  the  blocks  would  be  used,  sp! 
halves  of  the  circle  or  ISO  degrees  apart.  For  a  three  ( 
motor  three  contact  segments  would  be  needed,  each  se 
from  the  other  by  a  space  of  120  degrees.  On  a  six  cylii 
gine  there  would  be  one  contact  for  each  cylinder  whic) 
ineazt  that  the  contact  blocks  would  be  separated  by  spact 
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legrees.  The  rotary  portion  of  the  timer  usually  revolves  at  cam- 
haft  sp>eed  and  should  be  timed  in  such  a  way  that  when  the  pis- 
on  in  cylinder  No.  1  is  at  the  top  of  its  compression  stroke  the 
roller  will  be  in  contact  with  the  segment  that  is  connected  to  No.  1 
spark  coil  by  a  wire.  The  arrangement  of  the  remaining  terminals 
depends  upon  the  firing  order  of  the  motor.  For  instance,  if  it  is 
1,  2,  4,  3,  the  next  terminal  in  the  direction  of  roller  arm  rotation 
would  be  coupled  to  coil  unit  No.  2,  that  following  to  coil  unit 
No.  4,  and  the  remaining  terminal  to  coil  unit  No.  3. 

When  a  timer  of  this  form  is  used,  ignition  is  apt  to  be  irregu- 
lar should  the  spring  attached  to  the  free  end  of  the  roller  arm 
break.  If  the  interior  of  the  device  is  filled  with  dirty  oil,  the 
current  is  apt  to  be  short  circuited.  If  the  device  has  been  oiled 
with  a  lubricant  having  too  much  body,  tlie  roller  is  not  apt  to 
make  good  contact  with  tlie  metal  segments  and  ignition  will  be 
erratic.  Depreciation  in  the  bearing  pin  on  which  the  roller  ro- 
tates or  of  the  fulcrum  pin  on  which  the  roller  arm  swings  will  also 
result  in  irregular  ignition.  If  the  motor  runs  steadily  at  low 
speeds  but  misses  fire  at  high  speeds,  and  the  trouble  has  been 
traced  to  the  timer,  it  is  necessary  to  feel  around  the  inside  of 
'he  fiber  ring  with  the  finger  to  see  that  this  is  smooth  and  per- 
fectly round,  and  that  the  contact  block  faces  are  flush  with  the 
urface  of  the  ring.  If  the  blocks  are  worn  below  the  surface  of 
he  ring,  the  roller  is  apt  to  jump  the  space  at  high  speeds,  due 
o  the  low  block,  and  not  establish  an  electrical  contact.  At  low 
peeds  the  tension  of  the  spring  is  sufficient  to  keep  the  roller 
taring  against  the  contact  blocks,  as  it  will  follow  the  irregular 
ontour  of  the  timer  interior  without  difficulty.  If  the  segments 
ire  badly  worn  and  the  fiber  ring  roughened,  the  timer  casing 
hould  be  chucked  in  a  lathe  or  grinding  machine  and  the  interior 
ground  smooth  and  perfectly  round  with  a  small  emery  wheel, 
rhe  writer  has  seen  some  mechanics  attempt  to  take  a  light  chip 
>ut  of  the  timer  interior,  as  they  were  ignorant  of  the  fact  that 
he  contact  blocks  were  of  tool  steel  and  hardened.  A  fast-running, 
■ree-cutting  emery  wheel  is  the  best  tool  to  use  for  smoothing 
town  hardened  steel  segments.  The  stem  or  bolt  attached  to  the 
ontact  block  must  pass  through  a  fiber  washer  or  bwa\vvs\%  m 
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order  that  it  be  ineulated  from  the  timer  body.  If  these  bi 
crack,  there  may  be  an  opportunity  for  leakage  of  curren 
cially  on  the  Ford  ear,  where  the  ignition  current  is  derive 
the  magneto  and  is  stronger  than  that  usually  produeei: 
chemical  battery. 

Another  form  of  timer  is  shown  at  Fig.  233.  In  tl 
contact  is  established  between  balls  and  a  contact  roller.  Ii 
to  eliminate  the  wear  that  is  unavoidable  with  plain  bearing 


GROUND  CONNECTION  OILER- 
COVER  LOCK  NOT 
INSULATJQl 


HOLLOW  DRIVING  MEMBER. 


Fig.  233. — Showing  Coiutractloii  of  BkU  Contact  Ttmor. 

the  casing  carries  ball  bearings  wliich  are  used  to  suppt 
central  hollow  revolving  member.  Some  timers  of  the  form 
at  Fig.  232  are  fitted  with  a  plain  bearing  which  weari 
the  timer  has  been  used  and  which  produces  irr^nlar  ij 
due  to  a  poor  ground  contact.    Battery  timers  of  the  fon 
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1  are  seldom  used  at  the  present  time,  as  they  have  been  suc- 
ed  by  the  more  efficient  short  contact  types.  A  notable  excep- 
to  this  almost  general  rule  is  the  Ford  car,  which  is  mann- 
ured  in  immense  quantities  and  which  utilizes  the  roller  con- 
timer  previously  described. 


Fig.  234. — Atwater  Kent  Unl-Sparkn  System. 

One  of  the  beat  known  of  the  short  contact  forms  of  timer  is 
Atwater-Kent,  which  is  usually  combined  with  a  secondary 
ributor  as  shown  at  Fig.  235.  The  method  of  placing  this 
log  and  distributing  member  in  circuit  is  clearly  shown  in 
ing  diagram  Fig.  234.  The  advantage  of  a  timer  of  the  form 
ffn,  as  contrasted  to  the  simple  type  previously  considered,  is 
'.  a  one  unit  induction  coil  will  serve  any  number  of  cylinders 
D  2  to  8,  whereas  with  the  roller  type  shown  at  Fig.  232  a 
trate  induction  coil  is  needed  for  each  cylinder  to  be  fired, 
will  be  observed  that  the  coil  used  with  the  Atwater-Kent 
em  has  five  terminals,  four  of  these  being  primary  terminals, 
at  the  center  of  the  coil  box  a  secondary  or  high  tension  ter- 
sl.    A  set  of  six  dry  cells  connected  in  series  is  wired  to  one 


Automobile  Repairing  Made  Easy 


476 

side  of  the  coil  box  as  indicated.  One  of  the  two  rems 
mary  terminalB  runs  to  the  primary  contact  at  the  bott 
interrupter,  the  other  to  a  pounding  screw  attached  to 
rupter  casing.  The  secondary  terminal  is  connected  to  t 
terminal  of  the  distributor,  while  the  remaining  four 
are  joined  to  the  plugs  in  the  engine  cylinders  in  sucl 
to  insure  proper  sequence  of  explosions.     The  externa 
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the  Atwater-Kcnt  uni-sparker  is  shown  at  Fig,  235,  A 
a  centrifugal  mechanism  is  contained  in  the  lower  pi 
casing  by  which  the  spark  is  automatically  advanced  as 
of  tlie  engine  increases. 

The  only  points  that  will  wear  on  a  device  of  this  che 
the  contact  points  which  are  clearly  shown  in  the  vi' 
contact  breaker  mechanism  at  B.  The  revolving  shs 
center  has  a  number  of  notches,  two,  three,  fonr,  six. 


UfU'Sparker  System  477 

according  to  the  number  of  cylinders  to  be  fired,  cut  into  it.     A 

light,  hardened  steel  trigger  is  held  against  the  shaft  at  this  poini 

by  a  small  spring.    On  turning  the  shaft  this  trigger  is  carried 

forward  by  the  notches  in  the  shaft,  and  is  suddenly  released  as  the 

hook  end  leaves  the  notch.    In  so  doing  the  back  of  the  triggei 

strikes  a  small  pivoted  hammer  situated  between  the  trigger  ani 

the  spring  carrying  the  contact  points.     This  causes  the  contact 

points  to  open  and  close  with  remarkable  rapidity,  but  one  contact 

being  made  for  each  spark.    When  it  is  desired  to  adjust  the  plat 

inum  contact  points,  as  when  they  show  signs  of  wear,  it  is  onl^ 

necessary  to  remove  one  or  more  of  a  number  of  extremely  thii 

washers  under  the  head  of  the  adjustment  screw  and  to  replace 

the  screw.     The  contact  points  should  be  absolutely  clean  and 

bright  and  have  smooth  contacting  surfaces.    The  distributor  por 

tion  of  the  device  consists  of  a  hard  rubber  block  fitted  to  th< 

top  of  the  primary  shaft,  this  carrying  a  brass  quadrant  thai 

paflses  the  high  tension  current  to  the  spark  plugs  by  means  of  th< 

terminal  points  imbedded  in  the  hemispherical  cover.    There  is  n< 

&etnal  contact  between  the  rotating  quadrant  and  the  distribute] 

points^  as  the  high  tension  current  is  capable  of  jumping  the  ver^ 

slight  gap  that  exists  between  them.    Owing  to  there  being  no  act 

nal  contact,  there  will  be  no  depreciation  in  the  distributor  oi 

upper  portion.    The  center  terminal,  which  is  in  connection  witl 

the  induction  coil,  is  a  combination  of  carbon  and  brass,  and  t 

light,  flat  spring  on  the  quadrant  bears  against  it  to  maintaii 

positive  electrical  connection.     The  distributor  cover  is  easily  re 

moved  without  tUe  use  of  tools,  as  it  is  held  by  spring  clips 

Location  or  dowel  pins  in  its  lower  edge  insure  that  it  will  b< 

replaced  in  the  correct  position. 

One  of  the  most  popular  of  the  combined  starting,  lighting  anc 
ignition  systems  is  the  Delco,  which  is  shown  at  Fig.  236.  Foj 
the  present  we  will  concern  ourselves  merely  with  discussing  th( 
ignition  functions  of  the  system,  leaving  the  self-starting  anc 
electric  lighting  features  for  more  comprehensive  consideration  ii 
the  following  chapter.  Current  is  produced  by  a  one  unit  typ< 
motor-generator,  although  the  windings  of  the  device  when  oper 
ated  as  a  motor  or  a  generator  are  entirely  separate.    The  i^nitio^ 
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current  is  obtained  either  from  a  storage  battery  which  is  kept  in 

a  state  of  charge  by  the  generator,  or  from  a  set  of  dry  cells 

:.  which  are  carried  for  reserve  ignition.     The  ignition  system  con- 

^  asts  of  a  one  unit  non- vibrator  coil,  sometimes  attached  to  the 

top  of  the  motor  generator,  as  shown  at  Fig.  236,  though  it  may 

be  placed  at  any  convenient  part  of  the  car  and  a  dual  automatic 

distributor  and  timer  usually  included  as  a  part  of  the  device 

as  shown.     When  ignition  current  is  supplied  from  the  lighting 

circuit  the  current  passes  from  the  storage  battery  through  a  switch 

and  out  to  the  low  tension  winding  of  the  coil,  from  whence  it 

passes  to  the  timer  and  from  there  to  the  frame,  where  it  is 

gronnded.     The  high  tension  current  generated  in  the  coil  runs 

to  the  distributor,  where  it  is  switched  to  the  spark  plug  in  the 

different  cylinders  in  turn. 

When  dry  cells  are  used  for  ignition  the  operation  is  the  same 
except  that  a  device  called  **the  ignition  relay,"  and  shown  at 
the  right  of  Fig.  238,  is  added  to  the  circuit.  The  function  ol 
this  device  is  to  break  the  circuit  immediately  after  it  has  been 
completed  by  the  contact  points  of  the  timer,  which  is  shown  a1 
the  left.  The  use  of  the  ignition  relay  results  in  a  material  saving 
of  the  battery  current  as  the  circuit  is  closed  a  much  shorter  time 
than  is  the  case  when  the  circuit  is  broken  by  the  timer  contacts 
themselves.  The  operation  of  the  relay  is  not  difficult  to  under- 
stand. The  magnet  A  attracts  the  armature  B  when  the  circuit 
is  completed  through  the  timer.  This  action  opens  contact  C  and 
breaks  the  timer  circuit.  A  condenser  D  is  mounted  besides  the 
magnet  coil  A,  in  order  to  absorb  the  current  produced  by  self- 
induction  in  the  magnet  winding,  which  would  be  apt  to  produce 
a  hot  spark  between  the  contact  points  when  they  were  separated 
if  no  means  were  taken  for  its  disposal.  The  adjustment  of  the 
felay  is  at  the  pole  piece  E.  This  regulates  the  distance  between 
the  armature  B  and  the  magnet  pole,  and  the  gap  between  the 
contacts  C.  The  adjustment  is  made  by  turning  the  notched  head 
at  B  clockwise  to  increase,  anti-clockwise  to  decrease,  the  gap  be- 
tween the  contacts.  The  correct  distance  between  contacts  C  when 
the  armature  B  is  pressed  down  is  equal  to  approximately  the 
thickness  of  one  sheet  of  newspaper.    A  very  simple  way  m  ^\v\si 
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the  adjuBtment  can  be  made  when  the  engine  is  mcning 
battery  is  to  turn  the  notched  head  of  the  pole  piece  in  the  f 
clockwise  direction  until  the  motor  ceases  to  fire.  Then 
four  or  five  notches  in  the  opposite  direction.  Under  no 
tions  should  the  adjustment  screw  be  turned  very  far  ii 
direction.    If  the  armature  vibrates  feebly  when  the  start! 


Hg.  237. 


of  tli«  BagnlatlnK  I>«t1cm  UMd  witli  tlie  Deko  I 


ton  is  pressed  it  indicates  either  weak  dry  cells  or  dirt  1 
the  relay  or  timer  contacts. 

The  interior  arrangement  of  a  timer  for  both  dry  « 
storage  battery  current  is  shown  at  Fig.  238.  The  cai 
driven  by  a  rotating  shaft  and  establishes  contact  betwi 
points  when  the  cam  rider  rises  on  the  point  of  the  cam. 
the  cam  rider  drops  into  the  notch  between  the  high  poi 
contact  points  separate.  The  same  instructions  that  ha' 
given  for  the  contact  points  of  the  Atwater-Kent  timer  ap; 
as  well  in  this  case.  While  the  contact  points  are  bnt  on 
inch  in  diameter,  it  is  said  that  many  thousands  of  miles  of 
may  be  obtained  witiiout  readjustnn^.    It  is  important  1 
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>t  springr,  which  is  the  straight  one  carrying  the  platinum 
shonld  have  a  good  tension  outward  against  the  cam  rider 
«r  below  it.  It  is  said  that  thia  spring  should  be  capable 
pporting  the  weigfat  of  half  a  pound.  If  the  tension  is  not 
ently  great  the  contact  points  barely  break  contact  which 
its  the  spark  to  arc  between  them,  tending  to  burn  them. 
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238. — SbOTt  Contact  Timer  and  IgnltiOD  3l«Uy  Us«d  witli  ttia  IMco 
Systsm. 

iMintact  should  be  so  adjusted  that  the  contact  spring  is 
I  away  from  the  breaker  member  at  least  half  the  distance 
!  T-slot  on  the  vertical  part  of  the  cam  rider,  when  the  latter 
the  contact  lobe  of  the  cam.    The  contact  points  should  open 

ten  one-thousandths  (.010  inch)  inch  when  the  contact  arm 
upon  the  back  atop.  The  eontaot  arm  should  clear  the  cam 
t  at  the  contact  lobe.  A  short  wire  connects  the  two  posts 
:  breaker  arms  and  this  connection  should  always  be  inspected 

making  adjustments  to  insure  that  it  has  not  been  disturbed. 
said  that  if  this  wire  is  disconnected  the  cutteti^  'wVW  "ftMB 
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through  the  contact  spring,  impairing  its  tension.  Whenever  th 
contact  points  are  cleaned  care  should  be  taken  to  have  the  soi 
faces  parallel. 

In  some  of  the  Delco  ignition  systems  an  automatic  spark  ad 
vance  mechanism  is  used.  The  usual  method  of  wiring  when  th( 
distributor  is  a  separate  member  from  the  generator  is  shown  a 
A,  the  left  of  Fig.  237.  The  construction  of  the  automatic  spari 
advance  mechanism  is  shown  at  B.  In  this  the  shaft  which  trans 
mits  motion  to  the  timer  is  in  the  form  of  a  tube  T,  revolved  b] 
spiral  gears.  An  inclined  slot  is  cut  through  the  walls  of  this  hoi 
low  driving  member.  A  smaller  shaft  is  carried  inside  of  tin 
hollow  member,  and  a  vertical  slot  is  cut  through  this  shaft  n 
order  to  permit  a  pin  to  pass  through  it,  said  pin  being  actuate< 
by  a  collar  adapted  to  slide  up  and  down  on  the  outside  of  th( 
hollow  driving  shaft.  The  pin  passes  through  both  the  straigh 
slot  in  the  small  shaft  and  the  incline  slot  in  the  hollow  drivinj 
member.  If  the  collar  holding  the  pin  is  moved  it  will  change  ifc 
angular  relation  with  the  small  shaft  which  will  advance  the  tim 
ing  cam  of  the  contact  breaker.  The  collar  is  shifted  by  a  spring 
loaded  revolving  ring  R,  which  moves  from  the  position  shown  ii 
the  drawing  to  a  horizontal  position  as  the  speed  increases.  Thii 
ring  is  connected  to  the  sliding  collar  and  causes  it  to  rise,  ad- 
vancing the  spark  as  the  engine  speeds  up  or  to  fall,  retardiaj 
the  spark  as  the  engine  speed  decreases.  If  desired,  the  spari 
timing  may  be  controlled  independently  of  the  automatic  advance 
mechanism  by  a  spark  lever  connected  to  the  corresponding  mem- 
ber on  the  steering  wheel. 

In  some  of  the  Delco  systems  a  voltage  regulator  such  as  showi 
at  C,  Fig.  237,  is  used.  The  function  of  this  device  is  to  preveni 
too  much  current  flo^dng  to  the  storage  battery  when  the  engine 
is  running  at  high  speed.  As  the  voltage  of  the  storage  battery 
will  vary  with  its  condition  of  charge  the  intensity  of  the  magnetic 
pull  exerted  by  the  solenoid  A  upon  the  plunger  C  varies  and 
causes  a  contact  attached  to  the  plunger  to  move  in  and  out  of  the 
mercury  which  is  contained  in  the  bottom  of  the  mercury  tube  B. 
WTien  the  battery  is  in  a  discharged  condition  the  plunger  C  a* 
suwes  a  low  position  in  the  merewTy  txxbe,  and  when  in  this  pofli- 
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ion  the  coil  of  resistance  wire  carried  upon  the  lower  portion  is 
immersed  in  the  mercury,  and  as  the  plunger  rises  the  coil  is 
withdrawn.    As  the  plunger  is  withdrawn  from  the  mercury  more 
resistance  is  thrown  into  the  circuit  and  the  greater  resistance 
fauses  the  amount  of  current  flowing  to  the  battery  to  be  grad- 
ually reduced  as  the  battery  nears  the  state  of  complete  charge 
until  finally  the  plunger  is  almost  completely  withdrawn  from 
the  mercury,  throwing  the  entire  length  of  the  resistance  coil  into 
the  shunt  field  circuit,  thus  causing  an  electrical  balance  between 
the  battery  and  the  generator  and  eliminating  any  possibility  of 
overcharging  the  battery.    A  description  of  the  voltage  regulator 
follows :  A  solenoid  coil  A  surrounds  the  upper  half  of  a  mercury- 
containing  tube  B.     A  plunger  C,  comprising  an  iron  tube  with 
a  coil  of  resistance  wire  R  wrapped  around  the  lower  portion  on 
top  of  mica  insulation,  is  adapted  to  be  drawn  up  into  the  sole- 
noid as  the  battery  current  increases  in  strength.    One  end  of  this 

I 

'  resistance  coil  is  attached  to  the  lower  end  of  the  tube,  the  other 
end  being  connected  to  a  rod  B  in  the  center  of  the  plunger.  The 
lower  portion  of  the  mercury  tube  is  divided  into  two  concentric 
wells  by  an  insulating  member,  the  plunger  tube  being  partly 
inunersed  in  the  outer  well  and  the  rod  in  the  inner  well.  The 
space  in  the  mercury  tube  above  the  mercury  is  filled  with  a 
special  oil,  which  serves  to  lubricate  the  plunger  as  well  as  pro- 
tect the  mercury  from  oxidation.  The  device  is  connected  to  the 
shunt  field  of  the  generator  so  that  the  current  must  follow  a 
path  leading  into  the  outer  well  of  mercury  through  the  resistance 
coil  R  to  the  rods  carried  at  the  center  of  the  plunger,  from 
thence  into  the  center  well  of  mercury  and  out  of  the  regulator. 
The  more  the  resistance  coil  R  is  pulled  out  of  the  mercury  the 
more  resistance  is  interposed  in  the  field  circuit  and  a  smaller 
smount  of  the  generator  current  is  going  to  charge  the  storage 
battery. 

It  will  be  noticed  that  in  the  wiring  diagram  shown  at  Fig. 
236  a  protective  circuit  breaker  is  attached  to  the  switchboard. 
The  function  of  this  device  is  to  open  the  circuit  between  the 
source  of  current  supply  (generator  and  storage  battery)  and  the 
current  consuming  units   (lamps,  horn  and  ignition  ap^^x?A.ws»^ 


^^ 
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if  one  of  the  wires  leading  to  a  current  consuming  unit  hap] 
to  become  grounded.  Under  such  a  condition  an  excessive 
of  current  is  possible  on  account  of  the  lessened  resistance  of 
circuit.  Such  a  flow  goes  through  the  winding  of  the 
breaking  relay  or  protected  circuit  breaker,  which  produi 
magnetic  pull  that  opens  the  contact  and  cuts  off  the 
supply.  As  soon  as  the  contact  is  opened  the  magnetie 
ceases  and  the  contact  is  closed  again,  re-establishing  the 
pull  and  again  opening  the  contact.  The  circuit  breaker^ 
continue  to  vibrate  until  the  ground  or  short  circuit  is 
and  corrected  whenever  any  one  of  the  switches  controlling^ 
current  consuming  units  is  pushed  in  to  establish  a  circuit, 
function  of  this  protective  circuit  breaker  is  the  same  as  a 
block  and  fuse  except  that  it  is  not  necessary  to  keep  repl 
fuses. 

Battery  Ignition  Systems. — Because  of  the  almost  unii 
employment  of  electricity  for  lighting  and  starting  systei 
battery  ignition  system  has  been  improved  materially  ii 
as  the  storage  battery  supplying  the  current  is  constantly  chi 
by  a  generator.     A  number  of  systems  has  been  devised, 
operating  on  two  different  principles,  the  open  circuit,  such  ai 
Atwater-Kent,  previously  described,  and  the  closed  circuit 
example  of  the  closed  circuit  system  is  shown  at  C,  Pig.  239, 
is  of  Connecticut  design,  the  complete  ignition  system 
of  a  combined  timer  and  high  tension  distributor,  a 
duction  coil  and  a  switch.     The  system  is  distinctive  in 
timer  is  so  constructed  that  the  primary  circuit  of  the 
permitted  to  become  thoroughly  saturated  with  electricity 
the  points  separate,  with  a  result  that  a  spark  of  mazimi 
tensity  is  produced.     The  action  is  very  much  the  same  M 
of  a  magneto  on  account  of  the  saturation  of  the  winding. 
other  feature  is  the  incorporation  with  the  switch  of  a 
statically   operated    electro-magnetic    device   which    automat 
breaks  the  connection  between  the  battery  and  the  coil  shoi 
switch  be  left  on  with  the  motor  idle. 

The  contact  breaker  mechanism  consists  of  an  arm  A 
cue  ccr.tnrt,  a  stationary  block  B  carrying  the  other 
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fiber  roller  R  which  is  carried  by  the  arm  A  and  operated  by  points 
on  the  cam  C,  which  is  mounted  on  the  driving  shaft.  Normallj 
the  contacts  are  held  together  under  the  action  of  a  light  spring, 
As  the  four  cams,  which  in  touching  the  roller  B  raise  the  arm  and 
separate  the  contacts,  are  90  degrees  for  a  four-cylinder  motor, 
the  period  of  saturation  of  the  coil  or  the  length  of  time  the  cur- 
rent flows  through  it  to  the  battery  is  suflSciently  long  so  thai 
when  the  points  have  separated  the  current  which  has  "piled*' 
up  induces  an  intensely  hot  spark  at  the  plugs.  This  is  an  ad- 
vantage inasmuch  as  it  insures  prompt  starting  and  regular  ignitioE 
at  low  engine  speed  as  well  as  providing  positive  ignition  at  higl 
engine  speed. 

The  thermostatic  circuit  breaking  mechanism  is  very  simple 
This  consists  of  the  thermostat  T,  which  heats  when  the  current 
passes  through  it  for  from  thirty  seconds  to  four  minutes  withoni 
interruption,  and  thus  is  bent  downward,  making  contact  with  the 
contact  L.  This  completes  an  electrical  circuit  which  energizes 
the  magnets  M,  causing  the  arm  K  to  operate  like  the  clapper  in 
an  electric  bell.  This  arm  strikes  against  the  plate,  which  releases 
whichever  of  the  two  buttons  in  the  switch  may  be  depressed. 

As  will  be  observed,  the  transformer  coil  provided  has  five 
terminals.  One  of  these  is  connected  directly  with  the  ground 
the  other  leads  to  the  central  secondary  distributing  brush  of  tiM 
timer-distributor.  Of  the  three  primary  leads,  one  goes  to  th< 
switch,  one  to  the  wire  leading  from  the  storage  battery  to  tiw 
timer,  and  one  directly  to  a  terminal  on  the  timer.  The  switel 
is  provided  with  three  buttons,  the  one  marked  B  being  depressec 
to  start  the  engine,  as  the  ignition  current  is  then  drawn  from  Hn 
storage  battery.  After  the  engine  has  been  started  the  buttoi 
marked  M  is  pressed  in,  this  taking  the  current  directly  from  th( 
generator.  To  interrupt  ignition  the  button  **oflE"  is  pressed  is 
this  releasing  whichever  of  the  buttons,  B  or  M,  is  depressed.  Pou; 
wires  run  from  the  distributor  section  of  the  igniter  to  the  sparl 
plug. 

The  Remy  system  also  operates  on  the  closed  circuit  principl 
and  is  shown  at  A,  Fig.  239,  in  a  form  adapted  for  six-cylinde 
engine  ignition.    The  transformer  eoil  is  of  the  three  terminal  Igrpc 
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aeeondary  going  to  the  central  secondary  distributing  brush 
the  timer  while  one  primary  is  joined  to  the  primary  contact 
iinal  of  the  timer  portion  of  the  igniter.    The  remaining  coil 
dual  is  joined  to  the  switch.    One  of  the  poles  of  the  storage 
and  one  of  the  series  of  dry  connected  cell  batteries  are 
ided,  while  from  the  other  two  the  wires  run  to  the  switch 
lets.     The  current  may  thus  be  derived  either  from  the  dry 
batteries  for  emergency  or  from  the  storage  batterj*^  for  regular 
don  purposes.     The  construction  of  the  timer  which  incor- 
tes  the  breaker  mechanism  is  clearly  shown.     The  movable 
lum  contact  point  is  carried  by  the  arm  A,  which  fulcrums 
the  bearing  S,  and  which  has  a  piece  of  hard  steel  P  riveted 

< 

it  to  act  as  a  cam  rider.  The  cam  C  is  of  hexagonal  form, 
six  points  which  separate  the  contacts  when  they  ride 
the  shoe  P  attached  to  the  arm  A.  The  fixed  platinum  con- 
point  B  is  so  arranged  that  it  may  be  adjusted  by  moving 
or  out  as  conditions  demand.     It  is  to  this  member  that  the 

terminal  of  the  coil  is  connected. 
A  typical  combined  timer  distributor  known  as  the  Halladay 
|ihown  at  B,  Fig.  239.  The  make  and  break  mechanism  is  very 
>le  in  design,  as  is  the  distributing  mechanism.  The  contact 
the  platinum  points  is  established  by  a  four  point  cam. 
aeeondary  current  is  distributed  from  the  central  terminal  to 
four  distributing  terminals  by  a  carbon  brush  very  much  simi- 
in  design  to  that  employed  in  a  high  tension  magneto.  This 
lies  on  the  open  circuit  principle. 
Bf^srk  Plug  Faults. — The  part  of  the  ignition  system  that  is  apt 
^fhre  the  most  trouble,  and  for  the  most  part  through  no  fault 
iti  own,  is  the  spark  plug  which  is  placed  in  the  combustion 
in  order  to  permit  a  spark  to  take  place  between  the 
[es  whenever  it  is  necessary  to  explode  a  charge  of  gas. 
plugs  are  made  in  infinite  variety,  some  representative  sim- 
fbrms  being  shown  at  Fig.  240.  Those  in  section  at  A,  B  and 
utilize  a  porcelain  insulator  through  which  a  central  rod  or 
[e  passes.  This  terminates  at  the  top  in  a  threaded  mem- 
to  which  the  thumb  nut  is  screwed.  In  most  plugs  us^in^ 
elain  insulators  a  cap  is  cemented  to  the  top  of  t\\e  poteeVeCva 
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in  order  to  form  a  seating  for  the  thumb  nuts.    The  form  outline^ 
it  A  is  the  type  of  plug  most  generally  used,  as  it  is  a  simple  an( 
effective  design.     It  is  easier  to  clean  the  points  or  the  interio 
|;.iif  the  body  than  in  the  form  shown  at  B,  which  has  a  close< 
end  and  which  must  be  dismembered  in  order  to  remove  the  soot; 
deposit  from  the  insulator  surface.     The  type  of  plug  at  C  ha 
tvery  fine  wire  imbedded  in  the  lower  portion  of  the  porcelair 
which  is  in  connection  with  a  conductor  of  heavier  material  use< 
1  to  transmit  the  current  from  the  terminal  nuts  to  the  fine  wire 
The  theory  of  action  of  a  plug  of  this  nature  is  that  the  fine  wir 
is  not  so  apt  to  be  short  circuited  by  soot  as  the  projecting  elec 
trode  forms  are,  and  that  the  spark  tends  to  clear  away  materia 
that  might  short  circuit  the  current  by  burning  it. 

The  plugs  shown  at  D  and  E  have  mica  insulators  instead  o 
porcelain.  When  mica  is  used  a  sheet  of  that  material  is  wrapper 
around  the  central  electrode  several  times,  after  which  a  serie 
of  mica  washers  is  clamped  tightly  together  and  turned  down  t 
form  a  smooth  insulator.  The  plug  at  F  is  the  only  one  mai 
keted  using  glass  insulation.  Other  plug  forms  made  on  the  sam 
general  principles  as  that  at  A  use  lava  or  steatite  as  an  insu 
lator  instead  of  the  porcelain  or  mica.  For  all-around  service  th 
porcelain  insulator  gives  the  best  results,  as  the  mica  and  lav; 
insulators  are  apt  to  become  oil  soaked  and  permit  the  curren 
to  short  circuit  through  the  insulator  and  the  plug  body  instead 
of  jumping  the  air  gap.  Another  representative  form  of  sparl 
plog  showing  the  proper  space  between  the  spark  points  is  showi 
at  Fig.  241,  A. 

The  plug  at  B  is  one  that  combines  a  priming  feature  and  i 

intended  for  use  in  engines  of  the  Ford  type  in  which  no  pre 

vision  is  made  for  using  priming  cups  or  compression  relief  cocki 

I  The  plug  body  is  formed  in  such  a  way  that  a  needle  valve  fittin, 

may  be  screwed  into  it,  this  being  intended  to  close  a  passagewa: 

communicating  from  a  channel  around  the  top  of  the  plug  bod; 

to  the  interior  of  the  plug  body.     It  is  said  that  if  this  needl 

valve  is  opened  for  a  minute  or  so  while  the  engine  is  runnin 

that  there  will  be  a  tendency  to  clear  the  plug  points  of  any  loos 

oil  or  carbon.    The  compression  may  be  relieved  \)y  o^emii^  \) 
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needle  valve,  and  if  it  is  desired  to  inject  gasoline  into  the  cy 
to  promote  easy  starting  this  may  be  easily  done  by  fillii 
channel  or  groove  on  top  of  tlie  plug  body  with  the  fuel, 
opening  the  needle  valve  to  allow  it  to  pass  to  the  plug  im 
The  gasoline  will  run  down  the  walls  and  collect  aroim 
spark  points,  where  it  will  be  readily  ignited  by  the  spark. 


Tig.  211. — Bpul  Plug  with  Frimlng  Anangement  uid  Two  Fob  I 
Plugs. 

It  is  sometimes  desirable  to  have  two  sparks  occtir  In  th 
inder  at  the  same  time,  especially  on  engines  of  the  T-head 
used  for  racing.  One  spark  plug  of  the  special  form  aboira 
is  used  in  connection  with  a  regular  spark  ping  of  the  form  i 
at  A,  the  special  plug  being  placed  first  in  the  circoit  and ; 
to  the  regular  plug  by  a  length  of  wire  bridging  the  free  Ua 
of  the  ping  at  C  with  that  on  top  of  the  insulator  of  the  v 
pattern.    As  the  plugs  ace  in  series,  the  current  most  jui 
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»f  both  plugs  and  thus  two  sparks  occur,  which  is  said  to 
ise  power  by  accelerating  the  rate  of  flame  propagation,  which 
nrse  results  in  more  energetic  ignition.  The  insulator  is 
d  to  form  a  double  V,  the  sides  being  slightly  concave  and 
•  than  the  center  V,  which  ends  in  a  sharp  point.  This  con- 
ion  is  said  to  cause  the  point  to  be  self-cleaning  by  the  ex- 
n.  Two  electrodes  pass  through  the  insulating  member  in- 
of  one,  these  being  insulated  from  each  other  and  the  plug 
as  well.  The  high  tension  current  enters  one  terminal  and 
\  down  one  of  the  electrodes,  jumps  the  air  gap,  and  can 
reach  the  ground  if  the  terminal  connected  to  the  second 
ode  is  in  electrical  connection  with  the  terminal  of  an  ordi- 
form  of  spark  plug  or  if  it  is  bridged  down  to  the  plug  body 
B  keeper  B.  When  this  keeper  is  in  place,  as  indicated,  the 
will  act  the  same  as  a  single  electrode  sparker.  When  the 
is  to  be  used  for  double  ignition  in  connection  with  one  of 
igolar  forms,  the  keeper  B  should  be  removed  and  a  short 
used  to  join  the  terminal  to  which  the  keeper  was  attached 
\  terminal  of  the  regular  pattern  spark  plug. 
•rk  plug  troubles  are  not  hard  to  locate,  as  they  may  be 
y  determined  on  inspection.  If  an  engine  misses  fire,  i.e., 
irregolarly,  it  is  necessary  to  locate  the  spark  plug  at  fault 
ler  to  remove  it  for  inspection  or  cleaning.  The  common 
d  of  doing  this  is  to  short  circuit  the  spark  plug  terminal 
Mme  metallic  portion  of  the  engine  by  using  a  wood  handle 
driver,  as  shown  at  Fig.  242,  A.  Each  plug  is  tried  in  turn, 
rhen  a  good  one  is  short  circuited  the  engine  will  run  even 
r  than  before.  If  a  plug  is  short  circuited  and  the  engine 
lot  run  any  slower  or  work  differently,  one  may  assume  that 
tog  is  defective  or  that  the  cylinder  is  not  firing  for  some 
reason.  A  very  simple  spark  plug  tester  which  can  be  made 
f  repairman  for  use  on  cars  employing  magneto  ignition  or 
lension  battery-distributor  ignition,  is  shown  at  Fig.  242,  B. 
nisists  of  two  strips  of  brass  riveted  together  at  one  end  and 
into  a  fiber  or  hard  rubber  handle.  The  brass  strips  are 
\  apart  so  that  contact  may  be  made  between  the  plug  body 
■niated  central  terminal  of  practically  any  size  plug.   ^\\e\\ 


402  Automobile  Repairing  Made  Ea»y 


Fig.  242.— SliowliiK  Methods  of  Teitlng  Spaik  Ploi  and  AdJaiUi 
Oap  Betwaen  the  Electeodoi. 


a  four-cylinder  or  six-cylioder  engine  uses  individoal  spui 
for  ignition,  it  is  possible  to  detect  the  missing  cylinder  by  \ 
down  the  coil  vibrators  with  the  fingers,  leaving  the  e 
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m  one  of  the  coil  units  or  one  cylinder  as  the  others  are  cut  out. 
Bach  coil  unit  is  tried  in  turn,  and  when  all  others  are  rendered 
noperative  except  the  defective  one  or  the  coil  leading  to  the 
lef ective  spark  plug,  the  engine  will  stop.  The  wire  leading  from 
he  spark  coil  is  traced  to  the  spark  plug,  and  that  member  re- 
noved  for  examination.  The  common  trouble  is  a  deposit  of  burnt 
>il  or  carbon  around  the  insulator  and  between  the  plug  points, 
rhis  short  circuits  the  current  as  it  provides  an  easier  path  for 
the  passage  of  electricity  than  the  air  gap  does.  If  the  points 
are  too  close  together  the  plug  will  become  short  circuited  very 
quickly  and  ignition  is  apt  to  be  erratic  because  the  spark  does 
not  have  sufScient  heat  to  ignite  the  mixture.  If  the  spark  points 
are  too  far  apart  the  resistance  is  apt  to  be  too  great  for  the 
current  to  jump  the  air  gap.  The  porcelain  may  crack  or  be- 
come broken,  in  which  case  the  current  is  apt  to  short  circuit  if 
the  break  is  down  in  the  plug  body.  If  a  mica  or  lava  insulator 
becomes  oil  soaked,  this  also  will  produce  short  circuit. 

Most  plugs  are  of  the  easily  separable  form,  as  shown  at  Fig. 
240,  A,  in  which  case  the  insulator  may  be  easily  removed  by 
Quscrewing  the  packing  nuts  that  keep  it  seated  against  the  plug 
body.  If  the  plug  is  clean  when  examined  the  thing  to  do  is  to 
see  that  the  spark  gap  is  correct.  This  should  be  about  one- 
thirty-second  inch.  Whenever  a  spark  plug  is  to  be  put  into  use, 
whether  it  is  a  new  one  or  old  one  which  has  been  cleaned,  the 
spark  points  should  always  be  set  so  there  is  a  gap  of  about  the 
thickness  of  a  smooth  ten-cent  piece  between  them.  The  method 
of  obtaining  a  correct  spark  gap  depends  entirely  upon  the  type 
of  the  plug.  In  the  plug  shown  at  Pig.  242,  C,  which  has  a  plate 
at  the  end,  it  is  necessary  to  bend  over  the  center  stem  by  using 
a  small  screw  driver  or  similar  tool  as  indicated.  With  a  plug 
of  the  form  shown  at  D  the  center  stem  is  bent  the  proper  dis- 
tance away  from  the  small  hook-shaped  wire  or  electrode  which 
projects  from  the  bottom  of  the  spark  plug  body.  In  some  plugs 
it  is  easier  to  bend  the  central  stem  than  the  side  electrode,  as  the 
latter  is  of  hard  material,  whereas  in  others  it  is  not  possible  to 
bend  the  central  electrode  and  the  point  attached  to  the  plug  body 
must  be  bent  instead.    It  is  important  when  teplaeVn^  Wxft  "^^t- 
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celain  insulator  after  cleaning  to  make  sure  that  the  packing  niil 
is  drawn  down  quite  tight  in  order  that  the  joint  will  be  tight 
enough  to  hold  the  explosion  pressure.     It  is  also  necessary  to 
screw  down  the  small  hexagon  lock  nut  on  top  of  the  spark  plug 
porcelain,  as  if  this  is  left  loose  the  center  stem  of  the  plug  will 
be  free  to  turn  in  the  porcelain,  especially  if  the  thumb  nut  or 
terminal  is  being  tightened.    It  will  be  apparent  that  if  the  center 
stem  is  bent  over  tow^ard  the  side  electrode  in  the  manner  shown 
at  D,  that  if  it  is  turned  a  very  small  part  of  a  circle  the  size  of 
the  gap  between  the  center  stem  and  side  electrode  will  be  altered 
appreciably.    If  the  porcelain  is  found  covered  with  oil  and  car- 
bon when  removed,  it  should  be  thoroughly  cleaned,  care  being 
taken  not  to  scratch  the  glazing  on  the  porcelain  surface,  as  il 
this  glaze  is  destroyed  it  will  be  possible  for  the  porcelain  to  ab- 
sorb oil.    The  interior  of  the  plug  body  and  the  electrodes  shouU 
also  be  scraped  clean  of  all  carbonaceous  matter.    If  the  porcelaii 
is  scratched  or  defaced  in  any  manner  it  should  be  replaced  witl 
a  new  one.    If  the  plug  is  apparently  in  good  condition  and  ye 
the  cylinder  refuses  to  fire,  it  may  be  well  to  substitute  the  pluj 
with  one  known  to  be  in  good  condition,  as  there  may  be  som^ 
minute  short  circuit  in  the  porcelain  that  is  not  apparent  upoi 
inspection. 

Plugs  using  mica  insulation  are  very  deceptive,  as  in  many  case 
short  circuits  exist  that  cannot  be  detected  by  the  eye  in  daylighi 
A  good  way  to  test  a  suspected  mica  plug  is  to  lay  it  on  top  of  th 
cylinder  after  dark,  taking  care  not  to  have  the  insulated  termini 
in  contact  with  any  metal  parts  except  the  high  tension  currei 
lead.  The  engine  is  then  run  on  the  other  cylinders  and  th 
^inside  of  the  spark  plug  watched  to  see  if  sparks  jump  betwee 
the  insulator  and  the  plug  body,  instead  of  between  the  point 
If  a  short  circuit  exists  it  will  be  easily  detected  by  the  minut 
sparks  plainly  evident  in  the  darkness.  It  is  sometimes  possibi 
to  test  a  plug  out  in  daytime  by  shading  it  from  the  light  in  son 
manner,  as  with  a  black  felt  hat.  After  the  spark  points  ha\ 
been  set  correctly,  it  is  well  to  double  up  a  piece  of  emery  clot 
with  the  abrasive  surface  on  the  outside,  as  shown  at  Fig.  242,  I 
and  move  it  back  and  forth  between  the  plug  points  a  number  c 
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times  to  brighten  them  up  and  to  insure  that  there  will  be 
foreign  matter  present  between  them  that  is  apt  to  short  cire 
the  current.  An  old  tooth-brush  and  gasoline  are  the  best  to 
for  cleaning  a  spark  plug  without  taking  it  entirely  apart  as  si 
brush  bristles  will  remove  any  oil  or  material  soluble  in  gasoli 
Acetone  is  a  solvent  for  carbon,  and  if  that  material  is  not  bal 
on  too  hard  it  is  possible  to  remove  the  deposit  without  scrapi 
itoflf. 

Many  cases  of  ignition  trouble  have  been  traced  to  the  i 
of  improper  spark  plugs  or  to  faulty  location  of  these  membe 
Manufacturers  of  spark  plugs  have  given  the  matter  of  locati 
considerable  thought  during  recent  years,  and  the  endeavor  is 
produce  a  plug  specially  designed  or  adapted  for  the  motor  : 
which  it  is  to  be  used.  The  spark  plug  shell  or  base  is  construci 
30  the  spark  points  will  project  into  the  combustion  chamb 
It  is  also  important  to  make  provision  for  proper  cooling  of  1 
spark  plug.  This  last  named  factor  is  an  important  one  that 
seldom  given  consideration  by  owners  or  repairmen  who  chai 
the  spark  plugs  without  making  sure  that  they  are  adapted  to  1 
motor.  To  obtain  the  greatest  eflBciency  from  the  explosion  it 
important  that  the  spark  points  project  into  the  combustion  cha 
ber  in  such  a  way  that  they  be  surrounded  with  cool  fresh  gas. 
the  gap  of  the  plug  is  located  in  a  recess  or  pocket,  as  indical 
at  Fig.  243,  A,  dead  ga«  is  apt  to  accumulate  about  the  poii 
and  combustion  will  be  much  slower  than  it  would  be  with  1 
spark  plug  located  as  at  D.  It  will  be  evident  that  with  t 
construction  of  the  valve  cap  the  spark  points  project  into  1 
induction  chamber,  permitting  the  spark  to  take  place  in  in 
mixture  and  promote  rapid  spread  of  the  ignition  flame.  Anotl 
faulty  mounting  when  a  plug  is  located  directly  in  the  combusti 
chamber  is  shown  at  C.  It  will  be  apparent  that  with  a  project! 
from  the  plug  body  having  a  space  around  it  in  which  the  1 
gases  may  collect,  the  plug  will  heat  up  much  quicker  than  1 
mounting  shown  at  D  in  which  the  heat  will  be  conducted  a\« 
by  the  cooling  water.  A  plug  that  becomes  heated  will  tend 
soot  up  and  carbonize  much  quicker  than  one  in  which  provisi( 
have  been  made  ior  proper  cooling. 
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Induction  Ooil  Faults. — The  high  tension  induction  coil 
part  of  the  ignition  system  that  can  seldom  be  repaired 
of  the  factory.  In  the  first  place  it  is  not  possibte  to  rei 
interior  parts  of  an  induction  coil  because  the  windings  ai 
denser  are  usually  imbedded  in  a  hard  insulating  oompom 
haa  been  poured  into  the  coil  box  in  a  molten  conditic 
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liich  becomes  as  hard  as  stone  when  it  sets.  The  only  part  of 
I  induction  coil  that  is  possible  to  correct  is  faulty  vibrator 
tion,  and  fortunately  the  vibrator  is  about  the  only  part  of  a 
sll-made  coil  that  demands  attention.  If  the  vibrator  does  not 
izz  when  the  circuit  is  closed  at  the  timer  and  the  wire  leading 
om  the  timer  to  the  coil  unit  is  found  in  good  condition,  the 
ouble  is  due  to  a  broken  connection  inside  of  the  coil  box  or  the 
ntact  points  do  not  touch.  If  the  vibrator  operates  as  it  should 
id  there  is  an  extremely  bright  spark  between  the  points  and 
weakened  secondary  spark,  it  is  reasonable  to  assume  that  the 
ndenser  inside  of  the  coil  box  is  ruptured. 

If  there  is  a  proper  vibration  or  buzz  at  the  vibrator  and  no 
eondary  spark  from  the  high  tension  terminal,  the  trouble  is  either 
broken  high  tension  connection  or  a  short  circuited  secondary 
nding.  Sometimes  a  wire  inside  of  a  coil  is  twisted  off  where 
fastens  to  the  terminal  screw,  due  to  that  member  being  turned 
ound  several  revolutions  with  a  pair  of  pliers.  A  case  of  this 
od  may  be  fixed  by  removing  the  bottom  or  top  of  the  coil  box, 

the  case  may  be,  and  making  sure  that  the  connection  is  re- 
[dered  to  the  terminal  post.  A  punctured  winding  or  short  cir- 
ited  condenser  can  only  be  repaired  by  the  coil  manufacturer, 
id  in  most  cases  it  is  cheaper  to  procure  a  new  coil  unit,  which 
easily  removed  in  modern  coils,  than  to  attempt  to  have  the  old 
e  repaired. 

When  a  coil  unit  is  suspected  of  being  defective  it  is  easy  to 
certain  if  this  is  the  case  by  changing  it  for  one  of  the  coil 
lits  which  is  known  to  be  in  good  condition.  If  the  cylinder 
lich  was  formerly  served  by  the  good  coil  unit  now  begins  to 
ip,  one  may  assume  that  the  coil  unit  is  at  fault.  If  the  trouble 
s  not  been  due  to  other  causes,  the  cylinder  that  was  formerly 

fault  will  begin  to  operate  as  it  should  as  soon  as  the  spark 
ug  is  connected  to  the  good  coil  unit  which  has  been  substituted 
r  the  one  thought  to  be  defective. 

Adjusting  Ooil  Vibrators. — The  repairman  who  understands 
e  vibrating  spark  coil  is  the  exception  rather  than  the  rule, 
any  are  able  to  adjust  a  vibrator,  but  do  not  know  how  to  locate 
9ubles,  or  to  remove  the  exposed  component  such  as  t\\^  \ix\d%<i. 
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vibrating  spring,  etc.,  and  reassemble  the  parts  correctly, 
vibrator  buzzes  weakly  when  contact  is  made  at  the  timer,  tl 
thing  to  do  is  to  test  the  battery  to  make  sure  thi^t  there  i 
cient  current  available  to  operate  the  vibrator,  then  the  ( 
points  should  be  examined  to  see  that  they  are  clean  and  s 
Various  defective  conditions  are  shown  at  Fig.  244,  A;  ai 
of  these  will  interfere  with  correct  contact  and  with  proj 
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Fig.  244. — Care  and  Adjustment  of  Vibrator  Contact  Points  Onl 


brator  action.  At  A-1  a  pit  has  been  burnt  in  the  lowei 
and  a  projection  has  been  built  up  on  the  upper  one.  J 
the  points  have  been  cleaned  with  a  file  which  has  been  ii 
at  an  angle  so  the  contact  members  do  not  have  a  true  flat  s 
At  A-3  a  point  has  been  built  up  on  one  side  of  the  contact  < 
vibrator  springs  and  contact  screw  points.  As  these  contact 
are  of  platinum  it  is  important  to  remove  as  little  of  that  vj 
material  (which  is  now  worth  more  than  gold)  as  possible. 
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For  this  reason  it  will  be  desirable  for  a  repairman  worki 
on  cars  using  vibrator  coils  to  provide  himself  with  the  sim] 
fixture  shown  at  Fig.  244,  B,  which  insures  that  the  points  ^ 
be  dressed  true  without  removing  much  material.  The  fixture 
a  simple  U-shaped  piece  of  hardened  steel  having  a  series  of  hoi 
A,  B,  C,  drilled  into  it  of  such  size  as  will  permit  the  inserti 
of  the  most  commonly  used  sizes  of  vibrator  adjusting  scre^ 
These  are  not  threaded,  the  screw  F  being  a  free  fit  in  the  h 
eorresponding  to  the  outside  diameter  of  the  thread.  A  feed  scr 
£  may  be  interposed  under  the  adjusting  screw  in  order  to  feed 
np  against  the  smooth  file  used  to  clean  off  the  roughness.  T] 
flcrew  may  be  shifted  into  any  one  of  the  tapped  poles  under  1 
holes  A,  B  and  C  for  feeding  different  sized  contact  screws. 

The  conventional  vibrator  is  shown  at  Fig.  244,  C,  and  anott 
form  at  Fig.  245.  It  will  be  noticed  that  this  consists  of  a  vibrai 
spring  or  armature  carrying  one  contact  point  and  a  bridge  me 
ber  over  it  carrying  another  contact  which  is  set  into  a  knur] 
head  adjusting  screw  in  that  at  Fig,  244,  C.  The  smaller  brid 
holds  the  vibrator  spring  and  is  also  provided  with  a  knurl 
screw  so  the  vibrator  spring  tension  may  be  adjusted.  Direc 
under  the  vibrator  is  the  iron  core  which  attracts  it  to  break  t 
contact  between  the  points.  The  farther  away  the  vibrator  is  in 
the  core  the  more  current  will  be  needed  to  actuate  the  vibrat 
The  spring  tension  should  be  sufficient,  so  that  the  trembler  ^ 
vibrate  fast  enough  to  produce  a  pronounced  buzzing  sound. 
the  vibrator  spring  lacks  elasticity,  too  much  current  will  be  c( 
sumed  which  is  an  important  item  if  the  current  for  ignition 
derived  from  a  dry  cell  battery.  In  adjusting  the  coil  vibrator 
is  not  necessary  to  turn  the  motor  over  to  establish  contact  as  1 
tuning  up  may  be  readily  performed  on  most  coils  by  connecti 
a  wire  to  the  steering  post  as  shown  at  C,  and  touching  the  knurl 
head  of  the  adjusting  screw  or  the  bridge  carrying  it  with  1 
other  end  of  the  wire.  It  is  necessary,  of  course,  to  have  the  swil 
on  the  coil  in  the  **on''  position.  Another  method  of  accompli 
ing  this  is  to  short  circuit  the  timer  with  a  screw  driver  as  sho^ 
at  B,  which  is  used  to  bridge  the  wire  terminal  and  the  alumini 
timer  case.    In  this  way  each  of  the  vibrators  may  be  m^^^e  \^  V 
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in  turn.  If  the  points  are  not  too  badly  burnt  it  is  poss 
clean  them  with  a  piece  of  very  fine  emery  cloth  as  shown 
244,  B,  without  removing  either  vibrator  or  contact  screw  fr 
top  of  the  coil.  Where  battery  current  is  used  it- is  well 
the  current  consumption  of  the  coil  from  time  to  time  as 
brators  are  adjusted.  It  is  possible  to  have  a  coil  draw  ti 
much  as  needed  if  the  vibrator  spring  tension  is  too  great 
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Fig.  245. — Ocnutnictlon  of  TtpIcaI  Goll  Vibrator. 


current  consumption  will  vary  from  .5  to  2.2  amperes,  a  fai 
age  being  about  1  ampere.  The  usual  primary  voltage  ne< 
5  or  6,  and  the  trembler  vibrations  will  vary  from  100  to  i 
second.  If  the  vibrator  tends  to  stick,  the  core  shoold  I 
off  as  well  as  the  undersurface  of  the  vibrator  to  remove  ai 
that  may  be  present  between  the  surfaces.  A  projecting  eo 
sometimes  interferes  with  proper  vibrator  action.  Make  B 
top  of  the  core  is  smooth  and  briplit. 
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f  Tension  Ignition  Systems. — The  low  tendon  ignition  bjb- 
which  a  spark  is  produced  in  the  cylinder  between  moving 
68  is  seldom  used  at  the  present  time  in  automobile  en- 
ceept  those  of  old  models.  The  complete  wiring  diagram 
ow  tension  system  used  on  the  Locomobile  cars  for  a  time 
n  at  Fig.  246,  A,  while  the  actuating  mechanism  and  the 
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6. — ^The  Locomobile  Low  Tension  Ignition  System  and  Igniter 
Used  for  Producing  Spark  in  tlie  Cylinder. 

plate  construction  is  sliown  at  246,  B.  It  will  be  observed 
low  tension  is  a  very  simple  one  electrically,  but  that  con- 
e  mechanism  is  necessary  to  operate  the  make  and  break 
in  the  cylinders.  In  the  wiring  diagram  it  will  be  ap- 
;hat  two  sources  of  ignition  current  are  available,  one  a  low 
magneto  for  regulating  ignition,  the  other  a  storage  bat- 
event  of  the  low  tension  magneto  failing  to  deliver  current, 
•e  runs  from  the  magneto  to  one  side  of  the  aw\t<s.\!L  on  \3aft 
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dash-board.     Another  wire  runs  from  the  spark  coil,  which  is 
placed  in  series  with  a  storage  battery,  to  the  other  side  of  the 
switch.     From  the  top  of  the  switch  a  wire  runs  to  the  igniter 
switch  rod  or  busbar  which  delivers  the  current  to  the  four  igniter 
plates,  one  in  each  combustion  chamber.     The  igniter  plate  is  an 
approximately  triangular  member  I  attached  to  the  combustion 
chamber  wall  by  three  bolts.    It  carries  an  insulated  contact  mem- 
ber A  which  is  fixed,  and  an  oscillating  contact  member  H  which 
is  worked  by  a  lever  outside  of  the  cylinder  which  is  actuated  by 
a  tappet  rod  T,  lifted  by  the  cam  C.    A  spark  takes  place  between 
the  contact  points  when  the  hammer  member  H  breaks  contact  with 
the  anvil  member  A.     The  break  takes  place  when  the  roller  R 
drops  off  of  the  cam  profile.     This  can  be  timed  to  occur  wher 
desired  by  suitable  regulation  means  on  the  tappet  rod  T.     Th^ 
switch  handle  K  which  joins  the  busbar  B  to  the  switch  membei 
projecting  from  A,  is  necessary  to  interrupt  the  igniters  in  order 
to  locate  a  cylinder  that  is  misfiring. 

About  the  only  thing  that  can  occur  is  fouling  of  the  contact 
points  by  carbon  deposits  and  excessive  mechanical  depreciation 
of  the  actuating  mechanism.  Either  of  these  troubles  is  easily 
determined  on  inspection  and  the  remedy  is  obvious. 

Trouble  is  sometimes  experienced  with  the  low  tension  magneto, 
which  is  shown  in  section  at  Fig.  247.  The  form  shown  uses  plain 
bearings  and  as  these  require  considerable  lubricant  it  is  possible 
for  the  collecting  brushes  or  armature  winding  to  become  oil 
soaked  w'hich  interferes  with  proper  delivery  of  current.  It  is 
also  important  to  time  the  low  tension  magneto  so  that  the  contact 
points  of  the  igniter  plate  I  will  separate  when  the  armature  oi 
the  magneto  has  attained  its  position  of  maximum  current  genera- 
tion. This  will  be  considered  in  detail  in  connection  with  the  high 
tension  magneto  as  will  other  magneto  troubles,  so  it  is  not  neces- 
sary to  consider  them  at  this  time.  It  is  important  that  the  eon- 
tact  brush  shown  bearing  against  the  side  of  the  armature  and  th€ 
contact  member  A,  be  making  a  positive  connection  with  the  parts 
they  are  intended  to  bear  against.  Failure  of  the  low  tensioii 
magneto  to  deliver  current  is  usually  due  to  poor  contact  at  these 
points  which  may  be  produced  by  particles  of  foreign  matter  oi 
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vhich  may  result  if  the  springs  maintaining  the  parts  in  conti 
have  lost  their  elasticity.  Generally  the  trouble  is  gummed 
which  is  easily  removed  with  gasoline.  Sometimes  the  current  i 
lirered  by  the  armature  short  circuits  because  of  a  cracked  or 
naked  insulator  which  carries  the  contact  rod  C. 

Magnetic  Spark  Ping  Systems. — Other  low  tension  igniti 
terns  have  been  devised  though  they  have  never  received  wi 
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application  in  which  the  moving  mechanism  needed  to  operate  1 
igniter  plates  from  the  camshaft  have  been  replaced  with  magne 
cally  operated  spark  plugs,  the  leading  example  of  wliich  is  t 
Bosch  shown  at  Fig.  248,  A,  This  consists  of  three  main  parts 
supporting  member  which  screws  into  tlie  spark  plug  hole  in  1 
combustion  chamber,  an  electro-magnet  and  oscillating  mechanis 
The  electro-magnet  contains  a  eoil  of  wire  D,  and  is  protected 
a  cover  B,  and  iron  outer  shell  A.  A  cylinder  H  which  is  thread 
at  its  lower  end  projects  into  the  coil.  A  collar  R  forms  t 
base  of  the  magnet.  The  oscillating  mechanism  consists  of  a  pi 
piece  E,  a  borse-shoe  shaped  spring  0,  and  an  armature  F.     T 
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lower  part  of  the  pole  piece  is  provided  with  threads  to 
hollow  cylinder  H,  and 'is  formed  externally  to  be  retained 
support  K  by  a  retaining  nut  or  collar  L.  The  sapportiof 
her  has  the  tipper  half  of  hexagonal  form  the  same  as  aiij 
plug  body  and  is  threaded  to  fit  the  spark  plug  apertu 
steatite  insulating  member  J  in  connection  with  the  packii 
ket  insures  against  loss  of  compression  or  explosive  pressure 


Tig.  248. — The   Oomtructton  uid  Application  of  tha  BOBcb  >!■ 
Flng. 

The  operation  of  the  plug  is  very  simple,  as  when  the  te 
P  is  connected  to  the  source  of  current  when  the  electricity 
through  the  coil  it  magnetizes  the  core  E,  which  attracts  the 
ture  F,  pivoted  on  a  knife  edge  extending  from  E  to  the 
this  separating  the  contact  points  M  and  N  and  prodn 
spark.  A  brass  plug  0  is  inserted  in  the  core  E  so  the  ar 
will  not  stick  to  the  pole  piece  due  to  magnetism.  A  sp 
tends  to  keep  the  points  AI  and  N  in  contact.  The  poia 
attached  to  the  spark  plug  body  and  is  V  shaped,  the  othe: 
on  the  armature  being  formed  to  fit  into  the  V  portion  of 
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complete  ignition  system  is  shown  in  diagram  form  at  Fig. 
and  is  very  much  the  same  as  the  wiring  for  a  high  tension 
>  using  jump  spark  plugs.     In  addition  to  the  timer  or 
breaker  which  is  of  the  usual  form,  the  magneto  must  in- 
distributing  device  which  will  allow  the  circuit  to  flow 
lug  in  the  cylinder  about  to  fire  a  charge.    The  distributor 
of  four  contact  points  carried  by  a  body  member  of  in- 
material  and  a  rotary  distributor  arm  that  makes  contact 
3  different  contact  points  in  turn  according  to  the  firing 
:  the  engine.    The  principal  trouble  apt  to  occur  with  the 
c  plug  is  short  circuiting  due  to  carbon  deposits  or  ac- 
ions  of  oil  which  will  interfere  with  prompt  action  of  the 
Qg  armature  F.    If  the  spring  G  breaks,  the  operation  of 
^  will  be  erratic  and  the  engine  will  misfire.    This  system 
jived  but  limited  application  on  automobile  engines,  but 
i  used  to  some  extent  in  marine  engine  work  so  the  repair- 
)uld,  at  least,  be  familiar  with  its  principle  of  operation 
r  to  have  a  reasonably  complete  knowledge  of  electrical 
methods. 

ng  Troubles  and  Electrostatic  Effects.— The  principal 
that  are  apt  to  occur  in  the  wiring  systems  are  evident 
jction,  these  consisting  usually  of  a  break  in  the  conductor, 
lay  sometimes  be  concealed  by  perfect  insulation  covering ; 
away  of  the  insulation  due  to  abrasion  between  the  wire 
le  metal  portion  of  the  car  which  eventually  results  in  a 
rcuit  and  the  wiring  becoming  oil  soaked  and  failing  to 
r  carry  the  charge  of  current  which  leaks  through  the  de- 
insulation.  The  wiring  of  a  complete  dual  ignition  sys- 
svhich  two  radically  different  methods  of  ignition  are  used 
1  at  Fig.  249.  One  system  consists  of  a  set  of  low  tension 
plates  mechanically  operated  from  a  suitable  camshaft,  the 
ethod,  which  is  independent,  has  high  tension  ignition  plugs 
1  through  a  timer  of  the  usual  form.  At  the  present  time 
lual  ignition  systems  are  provided  the  usual  practice  is 
wo  high  tension  systems,  one  of  which  will  derive  its  cur- 
)m  a  battery  and  coil,  the  other  which  will  receive  the 
of  a  high  tension   magneto.     A  typical  double  SY^tftco. 
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adapted  for  six  cylinder  i'li^iiiio  ignition  is  aliown  at  Fig,  250.  It 
this  two  spark  plugs  are  carried  iu  each  cylinder,  one  over  tht 
intake,  tlie  other  over  the  exhaust  valve.  A  battery  timer  ii 
moiintc<1  close  to  the  dash  from  which  six  primary  wires  go  to  the 
individual  coil  units  of  the  coil  box.     High  temdon  wires  come 


Fig.  219. — side  View  of  EngliM  Used  on  Early  OolnmbU  AntomoUls 
Having  Botb  Hlglt  and  Low  Tension  Ignitloii  f 


from  the  Imttoin  of  tlio  coil  to  one  sft  of  spark  plugs.  Anotliei 
flet  of  hijjh  tension  wires  extends  from  the  magneto  distributor  t( 
the  remaining  set  of  .spnrk  plugs. 

It  will  be  nppai-ent  that  in  both  of  the  systems  shown  that  cou 
siderahlc  earo  is  taken  to  have  the  wiring  carried  in  an  orderlj 
manner  and  kept  out  of  contact  with  the  metal  portions  of  thi 
cylinder  by  snitahle  insulating  blocks,  usually  made  of  fibre,  as  at 
Fig.  2o0,  or  in  a  fiber-lined  vi\et.aU\t  co^dwit,,  as  fthown  at  Pig.  249 
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Fig.  251.— ^Wiring  Diagram  of  Locomobile  High  Tenaioa  Igniti 

A  typical  double  ignition  system  which  has  been  used  oi 
models  of  the  Locomobile  is  clearly  shown  at  Fig.  251.  The  ] 
of  running  the  wires  for  the  primary  circuit  is  very  dear! 
lined  at  A.  The  complete  wiring  diagram  showing  the  hi| 
sion  leads  going  from  the  magneto  distributor  to  the  spark  p 
shown  at  B.    With  a  system  of  this  kind  the  current  may 
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rived  from  a  battery  which  is  timed  by  a  primary  circuit  breakei 
attached  to  the  magneto  contact  breaker  box  and  sent  through  i 
single  unit  coil  secured  to  the  dash.  The  secondary  current  fron 
the  coil  is  led  to  the  center  of  the  magneto  distributor,  which  servei 
the  dual  purpose  of  directing  the  high  tension  current  from  eithei 
the  magneto  armature  or  the  induction  coil  to  the  spark  plugs  ii 
the  proper  firing  order.  The  usual  method  of  housing  the  sec- 
ondary cables  in  a  conduit  of  insulating  material  so  that  there  will 
be  no  liability  of  short  circuiting  due  to  oil  accumulations  or  tc 
contact  with  metal  parts  is  so  clearly  shown  at  Fig.  251  that  furthei 
description  is  unnecessary. 

The  repairman  does  not  generally  recognize  the  fact  that  the 
manner  in  which  the  high  tension  cables  are  led  from  a  magnetc 
or  spark  coil  to  the  spark  plugs  is  sometimes  the  cause  of  misfiring 
and  ignition  irregularities  which  are  hard  to  locate.  A  spark  ma^i 
sometimes  occur  in  a  cylinder  in  which  the  piston  is  going  dowi 
on  its  suction  stroke  which  is  not  due  to  defective  insulation  of  the 
wires  or  to  short  circuiting,  but  to  an  electrostatic  action  betweer 
one  wire  and  a  neighboring  one  through  which  no  current  is  flow 
ing.  Endeavor  should  always  be  made  to  keep  the  secondary  cables 
as  short  as  possible,  as  in  some  cases  if  a  conductor  is  too  long  the 
tendency  is  toward  an  unreliable  spark.  Some  ignition  expert! 
condemn  the  practice  of  running  the  secondary  wires  close  togethei 
in  a  fiber-lined  conduit  and  recommend  the  use  of  fiber  cleats  se- 
cured to  supports  extending  from  the  engine  and  provided  witl 
grooves  that  will  hold  the  cables  some  distance  apart. 

When  individual  unit  coils  are  used  a  condition  that  often  puz 
ries  those  who  have  had  no  previous  experience  with  it  is  what  is 
known  among  old-time  repairmen  as  ** bucking,"  this  usually  being 
evidenced  on  engines  of  the  four  or  six  cylinder  forms.  The  symp- 
tom is  the  same  as  a  premature  explosion  in  some  one  of  the  cyl- 
inders, this  having  a  tendency  to  cause  the  engine  to  come  to  ar 
abrupt  stop.  One  is  often  led  to  believe  that  a  short  circuit  ex- 
ists at  one  of  the  timer  wires  which  allows  a  contact  being  made  a1 
the  wrong  time,  producing  a  spark  in  the  cylinder  about  to  fire 
before  the  gas  is  fully  compressed  or  the  piston  has  reached  top 
center.    This  is  doe  to  an  inductive  interference  between  oxkfc\xAN\s 
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tion  coil  and  a  neighboring  one.  It  ia  knomi  that  vhen  ' 
mary  coil  becomes  energized  in  any  unit  the  core  becomes  a : 
and  as  is  common  with  all  bar  magnets,  lines  of  force  are  gi 
which  run  from  the  north  to  the  south  poles  and  which  ii 
current  in  the  secondary  winding  of  the  transformer  coil, 
magnetic  influence  does  not  stray  from  its  proper  confines  i 
ble  will  be  experienced.    If  a  portion  of  this  magnetic  fielc 
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over  into  a  neighboring  coil  unit  enough  voltage  may  be  i 
in  the  secondary  winding  of  the  latter  to  produce  s  weak  8 
a  spark  plug  connected  with  a  coil  which  rightly  should 
inaetible.  This  condition  is  more  noted  with  old-style  in 
coils  than  with  modern  ones,  and  usually  results  when  th( 
is  running  slowly.  The  trouble  has  been  eliminated  in  n 
the  later  forms  of  multiple  unit  coils  by  providing  anti-in 
shields  between  the  units.  These  are  merely  metallic  at 
which  the  energies  from  t\\e  aUay  mu£ii%U«  force  is  disaip 
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iirm  of  eddy  currents  instead  of  cutting  wire  layers  of  adja- 
iniits.  If  this  trouble  is  experienced  and  none  of  the  com- 
faults  are  found  to  exist,  such  as  carbon  deposits  and  rough 
1  in  tlie  interior  of  the  combustion  chamber  or  long,  thin  spark 
points  which  remain  incandescent  and  retain  heat  from  a 
iius  explosion,  one  may  suspect  trouble  in  the  multiple  unit 
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253. — External  Views  of  Typical  Magneto  Ignition  DeviceB.    A. — The 
way  Magneto.     B. — Tb«  Boacb  Dn  1,  a  True  Hlgli  Tension  Type. 

It  has  been  cured  at  tiiufs  \>y  inserting  thin  strips  of  sheet 
between  the  coil  units.  The  iii«ist  fre^juent  cause  of  "buck- 
is  defective  iusidatinu  of  the  secondary  wires,  which  allows 
'urrent  to  jump  from  one  eahle  to  auotiier.  This  is  sometimes 
d  to  be  the  ease  when  all  eables  are  passed  closely  together 
iph  a  common  tubular  conduit,  and  is  not  apt  to  result  when 
i  are  carried  apart  in  cleats. 

doubles  with  High  Tension  Magneto. — Before  describiiig  x\w_ 
lus  high  tension  magneto  troubles  it  may  be  well  to  review 
ly  the  constriietjon  of  typieal  magneto  forms  in  order  that  the 
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repairman  may  become  familiar  with  the  principal  types.  Higfa 
tension  magnetos  may  be  either  one  of  two  general  forms,  as  shows 
at  Fig.  253,  it  being  practically  impossible  to  distinguish  between 
them  from  external  appearances  unless  carefully  examined.  The 
magneto  shown  at  A  is  a  transformer  coil  type,  i.e.,  it  generates  a 
current  of  low  voltage,  which  must  be  intensified  by  a  separate  coil 
of  the  non- vibrator  form,  the  high  tension  coil  current  being  brought 
to  a  central  terminal  on  the  distributor  and  from  that  point  led 
to  the  various  spark  plugs  by  the  rotary  distributing  brush.  Tht 
true  high  tension  magneto,  which  is  shown  at  B,  is  a  complete  igni- 
tion system  in  itself,  and  does  not  depend  on  any  appliances  other 
than  the  spark  plugs  in  the  cylinders  and  a  small  grounding  switch. 
A  high  tension  current  is  delivered  from  the  armature  directly  tc 
the  distributing  member  and  no  separate  transformer  coil  is  needed 
unless  the  magneto  is  used  with  a  dual  system.  The  parts  thai 
demand  the  most  frequent  inspection  in  a  magneto  are  the  more  ac- 
cessible ones,  these  being  the  breaker  box,  which  houses  the  con 
tact  points,  and  the  distributor,  which  is  utilized  to  commutat^ 
the  secondary  current. 

The  construction  of  a  Splitdorf  magneto  is  clearly  shown  a1 
Fig.  254.  The  longitudinal  sectional  view  shows  clearly  the  com 
ponent  parts  of  the  device.  The  armature  is  wound  to  produce 
only  low  tension  current,  so  the  magneto  must  be  used  in  con 
nection  with  a  separate  transformer  coil.  A  sectional  view  of  J 
true  high  tension  magneto,  the  Eisemann,  is  shown  at  Fig.  255 
This  differs  from  that  at  Fig.  254  in  that  it  employs  a  double 
wound  armature,  which  delivers  a  current  of  high  potential  to  th< 
distributor.  The  spark  time  is  advanced  and  retarded  on  mos^ 
magnetos  by  rocking  the  contact  breaker  back  and  forth  by  a  suit 
able  mechanical  connection  with  the  spark  lever  on  the  steering 
wheel.  In  the  Eisemann  magneto  outlined  an  automatic  sparl 
control  or  advancing  mechanism,  which  increases  the  lead  of  tin 
spark  as  the  engine  speed  increases,  is  included.  The  operation  o: 
this  automatic  timer  is  very  much  the  same  as  that  of  the  Delc( 
automatic  spark  advance,  previously  described.  The  governor 
weights  are  carried  by  a  sleeve  or  quill  mounted  on  an  extensioi 
of  the  armature  shaft,  which  has  a  rectangular  block  sliding  withii 


High  Tension  Magnetos 


314  Automobile  Repairing  Made  Easy 

it.  This  block  is  threaded  for  receiving  a  spirally  cot  shaft,  wl 
is  driven  by  direct  connection  with  the  engine  through  some  ft 
of  gearing.  The  governor  weights  are  attached  to  the  sliding  bl 
by  means  of  links,  and  as  the  shaft  is  revolved  the  weights  tend 
spread  apart,  and  as  they  do  the  block  is  made  to  slide  in  i 
quill.  In  so  moving  it  travels  along  the  threaded  shaft,  which 
suits  in  slightly  rocking  the  block.    As  the  block  oscillates  it  c 
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COIL  SPRING 
DRIVE 


SPftRK 
COHTACT  BREAKER    '^QLtECTOR  BRUSH    BftLL  BLARING    SPIRAL  TMREAO 


rics;  tile  ijiiill,  ill  whifh  it  works,  forward  slightly  and  also  | 
armature  sliaft  to  which  the  quill  is  fixed.  The  armature  is  tl 
advanced  and  also  the  commutator,  which  is  attached  to  the  fn 
end  of  the  armature  shaft.  As  the  speed  increases  the  goiveil 
weights  fly  farther  out  and  advance  the  time  of  ignition.  TVI 
the  speed  diminishes  the  weights  tend  to  close  np,  this  being  a 
by  the  action  of  a  coil  spring,  against  which  the  governor  s 
work  at  all  times.  An  automatic  spark  advance  may  be  obt 
from  18-57  degrees  with  this  construction. 

One  of  the  most  popular  of  high  tension  magnetoe  i 
sectioa  at  Fig.  256.    This  is  of  Bosch  mannfacture,  and  is  k 
as  the  D  4,    The  magnetic  fi«\&  i&  produced  by  the  honediM  . 
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\,  of  compound  form,  wliich  are  attached  to  the  pole  pieces, 
pace  between  forming  the  armature  tunnel,  in  which  the 
e-wound  armature  B  revolves.  This  carries  a  condenser,  which 
with  it,  and  also  the  rotating  portions  of  the  contact  breaker, 
irmaturc  is  supported  on  ball  bearings  in  order  that  it  rotate 
A  small  spur  pinion,  Q,  is  attached  to  the  arnmture  and 


Fig.  256.— flecUonal  View  of  Bosch  Hlgb  Tension  Magneto. 

S  to  revolve  a  larger  spur  gear.  li,  which  drives  the  distribu- 
The  cnrrtnt  generated  in  the  armature  winding  is  collected 
e  brush  K,  which  bears  against  the  insulator  collector  ring  J, 
I  is  mounted  on  an  ebonite  spool  to  prevent  current  leakage. 
,  the  brush  K  the  current  is  conveyed  by  the  connector  L  to 
er  brush,  which  is  in  contact  with  the  current  conveying  pen- 
,  which  delivers  the  electrical  energy  to  the  rotating  distribu- 
raah  N.  The  rotating  parts  of  tlie  distributor  are  mounted  on 
>earingB  in  order  to  eliminate  troubles  due  to  b<^ftCUiV%  &%^t«- 


516 


Automobile  Repairing  Made  Easy 


ciation.    A  safety  spark  gap  il  is  attached  to  the  dust  cover  Z, 
function  of  this  device  being  to  act  as  a  safety  valve  for  the  groi 
ing  of  any  excess  current,  such  as  might  be  produced  if  the  m« 
was  run  without  having  the  distributor  connected  with  the  8[ 

plug. 

The  arrangement  of  the  distributor  and  the  contact  breata 

mechanism  is  very  clearly  outlined  at  Fig.  257.    The  distributi 

which  is  the  upper  portion,  is  employed  in  commutating  the  MJ 

ondary  or  high  tension  current  only.    The  contact  breaker  or  l<np 

assembly  breaks  the  primary  circuit.    One  end  of  the  coarse  iritf 

ing  of  the  magneto  armature  is  led  to  the  fixed  contact  member'; 

by  means  of  the  screw  plug  D,  which  serves  to  retain  the  conW 

breaker  assembly  to  the  armature  shaft.    The  contact  breaker  ei 

ing,  which  is  capable  of  oscillation  but  not  of  rotating,  carries  fl 

fiber  cam  rollers  W.    As  the  portion  F  of  the  contact  breaker 

volves  the  toe  portion  of  the  bell  crank  lever  G  is  pushed  up 

in  by  the  cam  roller,  this  separating  the  contact  point  H  from 

fixed  contact  point  carried  by  member  E.    Every  time  that  the 

tact  points  separate  a  current  of  high  potential  is  sent  through 

connector  member  L  and  the  conducting  pencil  N  to  the 

ing  brush  N.    When  the  contact  points  separate  this  distribi 

brush  should  be  bearing  against  one  of  the  segments  carried  by 

distributor  block  0,  this  being  in  turn  connected  to  sockets  at- 

top  of  the  block  in  which  the  plug  terminals  P  fit.    The  bell 

lever  G  is  kept  pressed  out  l)y  the  flat  spring  I,  which  keeps  the 

tact  points  together  except  at  such  times  as  they  are  aepan 

the  cam  rollers  Y.    It  will  be  seen  by  reference  to  Fig.  256 

the  distributor  brush  N  is  driven  by  positive  spur  gearing 

must  turn  in  an  opposite  direction  to  the  armature  and  at  just 

the  armature  speed  on  account  of  the  distributor  gear  R 

twice  the  size  of  the  i)inion  Q.    The  brush  N  is  therefore 

in  definite  timed  relation  with  a  contact  breaker  assembly  F^^ 

the  armature  B.    It  will  take  two  revolutions  of  the  armal 

produce  one  revolution  of  the  brush  N.    This  means  that  thej 

tact  points  separate  each  revolution  of  the  armature  and 

brush  X  makes  contact  with  two  of  the  distributor 

each  turn  of  the  armature. 
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Another  form  of  Bosch  magneto  which  is  practiealt 
in  general  principles  as  that  just  described,  except  for 
ferences  in  the  contact  breaker  and  distributor,  is  slio 
258.  This  is  a  smaller  device,  using  two  single  horst'shi 
and  is  intended  for  small  engines  up  to  30  H.P.  The  I 
neto,  with  its  three  compound  magnets,  is  more  powerf 


Fig.  25B.— Sectional  View  of  Booch  D  n-4 

produce  a  hotter  spark,  such  as  is  necessary  to  ignite  th 
gas  in  large  cylinders.  The  Bosch  DU-4  magneto  con 
and  distributor  are  clearly  illustrated  at  A,  Fig.  261. 

All  magnetos  do  not  have  rotating  windings,  three 
K-W,  Splitdorf  Dixie  and  the  Rcmy  utilize  a  fixed  wim 
tary  inductor,  substantially  as  shown  at  top  of  Pig 
inductor  pieces  are  used  to  conduct  the  lines  of  magi 
through  the  winding  and  produce  the  current  by  cattii 
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In  the  armature  shown  in  the  lower  portion  of  Fig,  259 
liogs  revolve  in  the  magnetic  field  and  generate  the  cur- 
nother  form  of  magneto  which  is  used  on  but  one  make  of 
Ford,  but  which  enjoys  a  wide  distribution,  is  shown  at 
■  in  connection  with  the  complete  ignition  system  of  the 
[teen  coils  of  coarse  conductor  are  carried  by  a  fixed  plate. 


)I3TR.IBUT0RGEAR. 


I 


r  Botsiy  Inductor  Using  Fixed  Windings  at  ToVi  Otn^ 
il  DonbU  Wound  Aimatun  with  Rotating  Windings  at  BotWlO. 
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which  is  bolted  to  the  engine  crank  case.  A  number  of  hi 
magnets,  not  shown  in  the  illustration,  are  carried  by  the 
the  flywheel  and  revolve  in  front  of  the  fixed  coils,  the  sj 
tween  the  magnet  poles  and  the  cores  of  the  windings  bei 
enough  to  provide  clearance  without  danger  of  hitting  t) 
nets.  Owing  to  the  large  number  of  magnets  and  coils  en 
a  very  strong  current  is  obtained,  which,  while  alterna 
character,  is  used  in  the  same  way  as  battery  current  W' 


Fig.  260. — ^Diagram  Showing  Foid  Hftgneto  IgnlUoa  Bjtt^ 

through  four  individual  vibrator  coils,  which  are  broug 
circuit  progressively  by  tlie  rotary  contact  timer. 

The  most  popular  form  of  magneto,  if  one  can  judge 
numbers  of  manufacturers  using  it,  is  the  true  high  tensi 
with  the  revolving  n-inding,  though  the  low  tension  tj-p 
transformer  coils  have  also  been  used  to  a  large  extent. 

In  case  of  trouble  with  a  magneto  the  point  to  be  det« 
first  of  all,  is  whether  the  fault  is  with  the  current  gesei 
it  is  a  true  high  tension  form  or  in  the  plugs,  or  in  the  ev< 
transformer  coil  being  employed,  if  that  member  is  at  fai 
cases  where  only  one  cj'liiider  is  firing  irregularly  the  fault 
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to  be  with  the  spark  plug  in  that  cylinder.  The  cominoa 
s  of  spark  plugs  and  tlie  method  of  repairing  them  have 
reviously  described.  After  the  spark  plugs  have  received 
in  the  cables  must  be  tested  to  make  sure  that  the  insulation 
injured  in  any  way  or  that  the  metal  terminals  at  the  end 
cable  do  not  come  in  contact  witli  any  metal  parts  of  the 
or  magneto.  If  the  ignition  fails  suddenly,  one  can  suspect 
t  circuit  in  the  grounding  cable,  which  is  connected  to  the 
the  magneto  contact  breaker  and  which  serves  for  switching 
lition  off.  This  may  be  easily  ascertained  by  removing  tlie 
rom  the  magneto  and  seeing  if  its  removal  enables  the  mag- 
)  run  correctly.     A  spark  leaping  the  gap  in  the  safety  de- 


160ft. — Sliowliig  CollB  ftnd  Magnets  tbat  Comprias  Ford  Slagneto 
and  their  BeJatloii  to  tbe  Plywhael  and  Ti&iiBiiL\BB\nTL  Qau. 
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vice  iiidicates  a  broken  wire  or  one  that  has  become  discotiDecl 
cither  from  the  plug  terminal  or  from  the  dititributor  termiDaL 
If  the  cables  and  plugs  are  in  good  condition  and  tlte  eo^ 
works  irregularly,  it  is  apparent  that  the  trouble  is  in  the  magi 
if  it  is  an  ignition  fault.  In  event  of  this,  the  most  important  tbil 
to  do  is  to  make  sure  of  the  proper  interruption  of  the  primary  el 
rent.  The  spring  holding  the  cover  of  the  contact  breaker  in  pU 
should  be  moved  sideways  and  the  brass  cover  taken  off.  It  is  tti 
important  to  see  if  the  screw  D,  Fig.  257,  is  tight.    If  this  ia  fom 
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to  be  set  up  properly  the  next  thing  is  to  make  sure  that  the  con- 
tact breaker  points  are  in  contact  when  the  bell  crank  lever  is  out 
of  contact  with  the  cam  in  the  sides  of  the  breaker  box  in  the  type 
DU-4  or  away  from  the  fiber  cam  rollers  in  the  type  D-4.  It  is 
also  important  that  the  platinum  points  are  separated  by  the  proper 
distance,  about  .5  millimeter,  when  the  lever  C  F  at  A,  Fig.  261,  is 
in  contact  with  the  cam.  If  the  points  are  too  far  apart  they  should 
be  brought  nearer  together  by  loosening  the  lock  nut  on  the  ad- 
justing screw  shown  at  C,  Fig.  261,  and  screwing  it  up  to  lessen 
the  difference,  or  to  screw  it  back  and  open  the  gap  if  it  is  not  suffi- 
cient. The  platinum  contact  points  must  also  be  cleaned,  any  dirt  or 
oil  being  easily  removed,  as  shown  at  Fig.  261,  B,  by  gasoline 
squirted  on  them  from  a  small  hand  oil  can.  In  case  the  contacts 
are  uneven,  pitted  or  blackened,  they  must  be  smoothed  with  a  jew- 
eler^s  fine  cut  file.  After  continued  use,  if  the  platinum  points 
have  worn  down  the  platinum-pointed  screw  must  be  removed.  It 
is  also  important  to  make  sure  that  the  high  tension  current  col- 
lecting brush,  K,  Fig.  256,  is  in  contact  with  the  collector  ring,  and 
that  the  conducting  pencil  N  makes  proper  contact  with  the  brush, 
against  which  it  bears.  This  high  tension  collecting  brush  is  indi- 
cated as  P,  and  the  collector  ring  as  0,  in  Fig.  258.  The  interior 
of  the  distributor  must  be  clean  and  free  of  metallic  or  carbonaceous 
matter.  The  distributing  brush  must  bear  positively  against  the 
distributor  section  and  the  interior  of  the  distributor  should  be 
smooth  and  all  contacts  clean  and  bright. 

Mention  has  been  previously  made  of  making  sure  that  the 
screw  which  keeps  the  contact  breaker  assembly  in  proper  relatioB 
^'ith  the  armature  shaft  is  tight,  which  calls  for  careful  examina- 
tion. If  this  screw  is  loose,  the  contact  breaker  assembly  will  nol 
^ove  in  proper  timed  relation  with  the  armature;  in  fact,  it  maj 
^ot  move  at  all,  which  will  prevent  the  contact  point  from  separat 
ing  and  which  wdll  also  result  in  failure  of  the  ignition.  If  ever>' 
thing  appears  to  be  all  right  about  the  magneto,  the  timing  shoulc 
be  verified  to  make  sure  that  the  spark  is  occurring  at  the  righ1 
time  in  the  engine  cylinders.  It  is  easy  to  tell  if  the  magneto  ii 
producing  a  spark  of  proper  intensity  by  uncoupling  a  spark  pluj 
conductor  and  holding  it  a  short  distance  away,  not  tcvox^  Veva.^ 
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PLATINUM  POINT 


Fig.  262. — Outlining  UM  Of  QAUgM  In  ObUltilnf  Oomct  Bttt 
Hagnvto  Contact  Bre»kflr  Points. 

J^"  from  llie  lorniinal.     If  a  magneto  is  functioning  pre 
Epark  will  jump  the  air  gap  thus  created. 

At  Fig.  261,  D,  the  contact  breaker  and  distributor  cons 
of  the  Jtemy  magneto  is  shown.    It  will  be  observed,  in  tl 
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'  fliat  the  contact  breaker  assembly  does  not  rotate,  as  in  the  Bos 

^  but  that  a  rotating  two-point  cam  is  attached  to  the  armature  sh 

^  and  interrupts  the  contact  between  the  points  P  by  bearing  agai: 

-  the  end  of  the  bell  crank  CF.    The  instructions  given  for  care 

the  Bosch  magneto  apply  just  as  well  to  this  device.    Realizing 

importance  of  having  the  gap  between  the  contact  breaker  poi 

of  the  proper  amount,  the  magneto  manufacturers  furnish  gauj 

which  are  to  be  used  for  testing  this  gap.    That  shown  at  F 

I  262,  A,  is  for  use  with  the  Eisemann  magneto.    With  the  cont 

breaker  removed,  as  indicated  at  B,  the  contact  points  C-4  shoi 

be  together  as  indicated.    When  the  gauge  is  inserted  in  the  h 

\  C-7  it  will  indicate  the  correct  amount  the  point  should  be  se] 

t  rated.    The  gauge  at  Fig.  262,  C,  is  merely  a  piece  of  thin  sh 

[  steel  of  the  proper  thickness  which  is  used  as  indicated  when  ' 

I  points  are  separated  by  the  bell  crank  lever  riding  on  the  cam  bio 

I       Recharging  Weak  Magnets.— After  a  high  tension  magn 

has  been  in  use  for  a  time  the  magnets  lose  their  strength  and 

!  is  necessary  to  recharge  them  in  order  to  restore  the  magneto 

its  full  efficiency.    When  magnets  are  weak  the  resulting  seconds 

spark  will  also  be  weak  and  the  motor  will  not  run  regularly, 

matter  how  carefully  the  device  is  adjusted.    If  the  motor  does  i 

without  misfiring  it  will  not  develop  its  full  power  if  the  magn 

are  weak.    An  electro-magnet  designed  to  operate  on  110-volt  c 

rent  is  shown  at  Fig.  263,  A.    The  core  is  of  soft  iron,  1"  in 

ameter  and  8^"  long.    They  are  drilled  at  the  bottom  for  a  reta 

ing  screw,  which  is  intended  to  keep  them  in  contact  with  a  b 

plate  of  steel  ^y/'x9'\     Two  blocks  of  steel  I.>4"x2"x4"  i 

drilled  to  receive  the  cores,  and  have  set  screws  in  the  side  so  tl 

can  be  clamped  tightly  against  the  core  to  form  polepieces. 

brass  tube  about  %e"  thick  at  the  side,  having  flanges  at  each  e 

projecting  over  to  hold  fiber  insulating  plates  as  shown,  may 

turned  to  the  dimensions  indicated  in  a  lathe  or  may  be  made 

of  sheet  stock  if  desired.    The  hole  through  the  center  of  the  br 

spool  is  of  such  size  as  to  permit  the  core  to  fit  freely  in  its  interi 

Besides  this  equipment,  22  lbs.  of  No.  20  B.  &  S.  gauge  insula 

copper  wire  will  be  needed.    Eleven  pounds  is  wound  around  et 

brass  tube,  winding  one  coil  in  one  direction  and  live  olVi^T  ' 
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opposite  way.  Leave  about  6"  of  wire  when  starting  to  w 
coil  in  order  to  make  a  connection  between  them.  After  bo 
have  been  wound  shellac  them  thoroughly  and  wind  inatdati 
over  the  outside.     The  cores  are  then  fastened  to  the  in 
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I^stey  the  eoOs  are  slipped  over  the  cores  and  the  pole  pieces  at 
tached  to  keep  the  coils  in  place.  The  view  of  the  completed  mag 
net  is  eleariy  shown  in  the  assembly  depicted  at  Fig.  263,  A.  Thi 
eui  only  be  used  with  110  volts  direct  current. 

Before  recharging  the  generator  magnet  it  is  important  to  tes 
the  polarity  of  the  electro-magnet,  as  the  north  pole  of  the  magBe 
to  be  charged  must  be  brought  in  contact  with  the  south  pole  o: 
the  electro-magnet  and  vice  versa.  It  is  not  difficult  to  ascertaii 
the  polarity  by  using  an  ordinary  compass  or  magnetic  needle,  th 
marked  pole  of  which  will  point  toward  the  north.  Once  thi 
I  polarity  has  been  determined  the  poles  may  be  marked  in  any  de 
ared  way,  usually  by  stamping  the  north  pole  N  and  the  soutl 
pole  S.  Another  magnet-charging  device,  which  was  described  h 
the  Commercial  Motor,  utilizes  storage  batteries  as  a  source  #: 
magnetizing  current.  The  magnets  are  composed  of  soft  iron  cor( 
pieces  about  6"  long  and  1"  in  diameter.  The  base  is  constructec 
of  mild  steel  plate,  the  cores  being  fastened  to  the  plates  by  screw; 
or  by  turning  down  the  end  of  the  core  and  threading  it  to  fit  th< 
hole  in  the  base  plate.  Before  screwing  down  the  core  pieces  thej 
are  wound  with  No.  22  gauge  insulated  wire,  the  ends  being  lef 
free.  The  wires  are  connected  up  to  a  pair  of  storage  batteries,  ai 
shown,  and  the  latter  are  so  connected  up  that  the  polarity  of  th< 
wft  iron  cores  are  north  and  south  respectively.  Enough  of  th< 
wire  is  wound  on  to  have  coils  of  about  2"  in  diameter.  If  tb 
core  shows  signs  of  overheating,  low-voltage  lamps  should  be  placec 
in  the  circuit  to  introduce  some  resistance.  The  voltage  of  the  lamj 
to  be  used  depends  entirely  upon  the  voltage  of  the  battery  usee 
to  energize  the  magnet.  It  is  stated  that  the  magnets  will  b( 
charged  if  they  are  merely  placed  in  contact  with  the  energizec 
cores  until  they  have  absorbed  sufficient  magnetism  to  enable  then 
to  sustain  a  weight  of  10  lbs.  after  which  they  are  ready  to  b( 
replaced  on  the  magneto. 

The  illustration  at  C,  Fig.  263,  shows  the  Seanor  garage  mag 
net  charging  outfit,  which  is  claimed  to  charge  the  magnet  in  one 
minute.  Prom  the  exterior  view  of  the  device  it  will  be  evident 
that  it  consists  of  a  base  upon  which  are  mounted  two  solenoid 
eoils  carried  in  square  boxes.    The  magnets  to  \)e  c^bx^^di  ^x^  \s 
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serted  through  the  center  of  thege  coils  during  the  energizqj 
process.  In  order  to  accommodate  a  horseshoe  magnet  of  ai|j 
spread,  one  of  the  coil  boxes  is  mounted  so  the  distance  between  flj 
two  openings  is  altered  if  desired.  As  ordinarily  constructed,  ^ 
windings  are  wound  for  6  volts  and  20  amperes.  In  chargiiif^ 
magnet  the  ends  of  the  horseshoe  are  brought  up  against  an  iii 
core  of  the  coil  in  such  position  that  the  magnet  is  attracted  t$ 
not  repelled  by  the  core.  The  magnet  is  then  pushed  through  flji 
apertures  in  the  centers  of  the  coil  boxes,  taking  the  place  of  tl 
iron  core,  which  is  slowly  pushed  out.  The  current  is  then  efll 
nected  for  merely  the  length  of  time  required  in  touching  onet 
the  terminals  of  the  wire  to  the  binding  post  two  or  three  timeii  i 
keeper  is  then  laid  across  the  part  of  the  magnet  arch  which  pM 
jects  beyond  the  coil  boxes,  and  with  the  keeper  still  in  place 
magnet  is  replaced  on  the  magneto.  It  is  stated  that  a 
charged  Tungsten  steel  magnet  of  a  large  magneto  will  lift  in 
neighborhood  of  20  lbs.  as  ordinarily  energized  by  the 
manufacturer.  It  is  stated  that  with  this  device  the  magnet 
can  be  increased  to  30  lbs.,  which,  of  course,  means  a  stronger 
netic  field  when  reassembled  on  the  magneto. 

Transformer  Coil  Magneto  Systems. — Methods  of  wiring 
cal  transformer  coil  magneto  systems  are  shown  at  Figs.  264  to 
inclusive.    At  Fig.  264  all  the  parts  of  a  system  of  this  nature 
clearly  shown,  and  the  wiring  may  be  readily  traced  from  the 
neto  or  battery  to  the  coil.    It  will  be  apparent  that  at  the 
of  the  single  unit  coil  there  are  four  primary  terminals  and 
secondary  terminal.    A  high  tension  cable  runs  from  the 
ary  terminal,  which  is  protected  by  an  insulating  member  to 
central  distributing  terminal  on  the  face  of  the  distributor, 
terminal  marked  **Bat.'*  is  attached  to  the  carbon  of  a  5  dry- 
battery,  while  the  zinc  terminal  of  the  series  is  connected 
terminal  marked  **Int.'*  and  **Bat."    From  this  same  te 
wire  runs  to  the  terminal  on  the  side  of  the  contact  breaker. 
terminal  on  the  face  of  the  contact  breaker  is  coupled  to  .the 
terminal  marked  **Mag."    A  terminal  on  the  coil  marked  " 
is  attached  to  the  grounding  terminal  on  the  magneto 
breaker.     AVith  this  system,  when  the  switch  lever  is  pushed 
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side  marked  "Bat.,"  the  current  from  the  dry  cell  battery 
'eyed  to  the  magneto  interrupter,  from  which  it  is  led  to  the 
•y  winding  of  the  coil.  The  secondary  current  is  distributed 
us  of  the  magneto  distributor  to  the  spark  plugs  in  proper 
order.     When  the  switch  lever  is  shifted  to  the  other  side 


ei. — TypIcAl  Truisfoim«r  Coll  Magneto  Ignition  Srstem  for  Four 
Oyllndei  Engines. 


switch,  which  is  marked  "Mag.,"  the  current  for  ignition  is 
d  from  the  magneto  armature  instead  of  the  battery. 
»  of  the  Splitdorf  ignition  systems  are  shown  at  Fig.  265, 
A  being  used  in  connection  with  a  round  type  dash  coil, 
hat  at  B  is  employed  with  a  square  type  dash  coil.  The 
A  has  but  six  terminals,  that  at  fi  has  seven  teimiua\s.  In. 
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the  coil  at  A  the  center  terminal  is  used  for  the  high  tensi 
rent  and  is  connected  to  the  central  terminal  of  the  magn. 
tributor.  Terminal  A  of  the  coil  runs  to  terminal  A  on  tl 
neto  contact  breaker  face.  The  wire  marked  "2"  runs 
terminal  on  the  side  of  the  contact  breaker.  A  wire  joins  ti 
"3"  on  Ihe  coil  with  the  grounding  terminal  "3"  on  the  m 
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Dual  Magneto  Systems  5 

The  two  remaiBing  terminals  of  the  eotl,  which  are  below  the  a 
ondary  terminals,  are  joined  to  the  battery,  which  is  conventi< 
alized  for  the  sake  of  simplicity.  In  the  system  shown  at  F 
265,  B,  the  terminals  on  the  magneto  and  those  on  the  coil  are  li 
wise  numbered,  and  there  should  be  no  diflBculty  in  tracing  th 
and  making  the  proper  connections  if  this  diagram  is  used  at 
guide. 

The  Remy  transformer  coil  system  is  shown  at  Fig.  266,  the  i 

pearance  and  dimensions  of  the  dash  coil  and  the  method  of  inst 

lation  are  clearly  shown  at  A.    It  will  be  observed  that  at  one  e 

of  the  coil  there  are  two  terminals,  one  marked  **Bat.,''  the  otl 

**R.,''  which  are  wired  to  the  dry  cell  battery,  as  shown.    On  1 

back  of  the  coil  is  the  secondary  terminal,  clearly  outlined  at 

which  runs  to  the  center  of  the  distributor.    The  magneto  sho^ 

is  intended  for  six  cylinder  ignition  and  therefore  has  six  distrib 

ing  terminals,  to  be  connected  with  an  equivalent  number  of  spfi 

plugs.    In  order  to  simplify  the  wiring  when  the  Remy  system 

employed,  the  primary  wire  group,  which  consists  of  three  wir 

has  the  insulation  of  each  conductor  a  different  color.    One  is  y 

low,  one  green,  and  the  remaining  one  red.    The  red  wire,  which 

attached  to  the  grounding  terminal  on  the  magneto  base,  goes 

the  center  terminal  on  the  side  of  the  coil  that  has  the  three  p 

mary  terminals  and  which  is  shown  at  B.    This  would  be  the  rig 

side  if  viewed  from  the  front,  while  the  battery  terminals  are 

the  left  side,  if  the  coil  is  looked  at  from  the  switch  end.    The  y 

low  wire  is  connected  to  the  contact  screw  on  the  breaker  box  a 

goes  to  the  terminal  on  the  side  of  the  coil  nearest  the  dash.    T 

green  wire  runs  from  the  screw  on  the  magneto  base  to  the  rema: 

ing  terminal  on  the  coil. 

Dual  Magneto  Systems. — When  the  high  tension  magneto  ^ 
first  introduced  it  was  looked  upon  in  some  quarters  by  consen 
tive  manufacturers  and  motorists  with  some  degree  of  suspicion, 
its  reliability  had  not  been  thoroughly  established.  Sometimes  di: 
culty  was  experienced  in  starting  a  large  engine  directly  from  t 
magneto  because  it  could  not  be  turned  over  fast  enough  with  t 
hand  crank  to  turn  the  magneto  armature  at  sufficient  speed 
produce  a  strong  spark.    In  order  to  provide  an  emetg^^txiciY  ^^ 
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Tig.  266.— Tbe  Remy  Ignition  Syitatii. 
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tern  of  ignition  and  one  that  could  be  used  for  starting,  the  mf 
ers  of  high  tension  magnetos  evolved  what  are  termed  '^dual  s^ 
terns."  The  magneto  utilized  is  practically  the  same  as  that  us 
in  the  simple  high  tension  systems,  except  that  the  contact  break 
had  a  battery  timer  added  which  was  used  to  interrupt  a  batte 
current.  The  reason  for  adding  the  battery  timer  and  not  using  t 
magneto  contact  breaker  was  that  a  short  contact  was  necessary 
obtain  satisfactory  operation  from  batteries,  which  the  regul 
magneto  contact  breaker  did  not  furnish.  As  the  writer  has  pi 
riously  explained,  the  points  of  a  magneto  contact  breaker  are  ke 
in  contact  until  interrupted  by  the  cam.  If  these  were  used  on 
battery  the  current  would  be  flowing  through  them  all  the  tii 
they  were  in  contact,  which  would  produce  current  waste.  "Wi 
the  battery  timer  incorporated  on  the  contact  breaker  the  circuit 
established  only  at  the  instant  the  spark  is  needed  in  the  cylind< 
The  systems  shown  at  Fig.  267  are  of  Sirams  design,  the  only  d 
ference  being  in  the  number  of  terminals  provided  on  the  cc 
In  the  system  at  A  four  terminals  are  used.  In  that  at  B^  but  thi 
are  employed.  The  only  difference  in  the  wiring  is  the  connectio 
of  the  battery  terminals.  On  the  four  terminal  coils  two  of  the 
are  joined  to  the  battery.  On  the  three-terminal  coil  the  wire  th 
runs  to  point  1  of  the  magneto,  as  shown  at  B,  also  is  joined  to  t 
positive  terminal  of  the  storage  battery. 

The  Bosch  Dual  system,  which  is  shown  at  Fig.  268,  has  £ 
terminals  on  the  back  end  of  the  coil.  The  coil  is  attached  to  t 
dashboard,  as  indicated,  in  the  upper  right  hand  comer,  and  cf 
ries  the  switch  and  the  starting  button  on  its  face.  The  coil  is 
the  vibrator  type.  The  terminals  are  all  numbered  and  the  wiri] 
may  be  readily  traced,  as  the  points  to  which  they  connect  on  t 
magneto  are  numbered  to  correspond.  In  this  system,  instead 
using  the  usual  high  tension  pencil  connecting  the  collector  bru 
to  the  center  of  the  distributor,  the  high  tension  brush  terminal 
is  joined  to  a  terminal  on  the  spark  coil,  while  terminal  4  of  t 
spark  coil  is  joined  to  the  central  distributing  brush  4  of  the  ma 
neto.  Terminal  6  of  the  coil  is  grounded,  terminal  5  of  the  c< 
runs  to  one  of  the  battery  terminals,  the  other  one  being  grounde 
This  leaves  terminals  1  and  2  on  the  coil,  No.  1  being  connected 
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Fig.  267. — WMng  Tnu  High  Tanslon  Uagoato  to  Obtain  Diud  : 
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It  terminal  at  the  side  of  the  battery  contact  breaker,  while  termiu 
Mo.  2  attaches  to  a  termioat  on  the  side  of  the  magneto  conta 
breaker.  With  a  system  of  this  kind  or  with  either  of  those  show 
at  Fig.  267,  it  is  possible  to  short  circuit  the  coil  by  pressing  i 
on  a  starting  button,  which  makes  the  vibrator  buzz  even  it  tl 
primary  contact  breaker  on  the  magneto  is  not  making  contac 
This  permits  of  starting  the  engine  directly  on  the  spark  whc 
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Fig.  268. — Tb«  BOBcIi  Dnal  ByBton. 

they  are  of  the  four  or  six  cylinder  form,  providing  they  have  a 
Ijeen  stopped  long  enough  for  the  gas  to  leave  the  cylinders. 

Blaster  Vibrator  Ignition  Systems. — Practically  the  only  ci 
^t  the  present  time  using  the  individual  unit  system  of  ignition 
Ihe  Pord,  the  complete  wiring  diagram  of  which  is  clearly  show 
at  Pig.  270,  in  the  relation  the  parts  actually  occupy  in  the  ea 
H  will  be  observed  that  the  induction  coil  has  ten  terminals,  s 
ff  these  being  for  the  primary  circuit  and  four  for  the  secondai 
wires.  The  upper  terminals  of  the  coil  are  primary  and  run 
the  timer  segments.  Tlie  four  secondary  terminals  arc  eonneetf 
to  the  spark  plugs  as  indicated,  while  the  remaining  two  termina] 
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which  are  at  the  bottom  of  the  coil,  are  joined  to  the 
terminal  and  to  the  battery  respectively.  In  the  systen 
each  coil  has  a  separate  vibrator. 

Many  Ford  cars  have  been  supplied  with  what  is  ki 
master  vibrator,  which  is  a  magDetic  circuit  breaker  iu 
perform  that  function  for  all  of  the  coils.  It  is  claimed 
vice  of  this  character  produces  synchronism  of  the  ignit 
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which  is  not  possible  to  obtain  where  four  separate  vib: 
used  on  account  of  some  of  these  being  tuned  up  faster 
others.  It  is  contended  tliat  this  makes  a  snioother-runni 
and  one  delivering  more  power.  A  master  vibrator  uni 
joys  wide  sale  is  of  K-W  manufacture  and  is  designed  esp( 
use  with  Ford  cars.  The  method  of  wiring  the  vibrator 
outlined  in  the  upper  left  hand  corner  at  Fig.  269.  As 
tor  unit  carries  a  sniteli  on  its  face,  it  has  three  tennis 
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bottom,  the  center  one  of  which  is  connected  to  one  of  the  regnlai 
tenainalB  of  the  spark  coil,  leaving  the  other  one  blank.  One  ol 
the  oatside  terminals  of  the  master  vibrator  is  coupled  to  the  mag- 
neto, the  other  to  a  battery.  The  switch  of  the  main  coil  is  used 
only  on  one  contact  button,  and  may  be  left  on  that  button,  aa  the 
battery  or  magneto  may  be  thrown  in  circuit  at  will  by  the  switch 


Tig.  270. — Til*  Ford  Ignltton  STitam. 


on  the  master  vibrator  coil.  It  is  necessary  to  short  circuit  the 
i^lar  vibrators  in  order  to  put  them  out  of  commission.  This 
is  done  by  running  a  wire  between  the  vibrator  springs  and  the 
bridge  carrying  one  of  the  contact  points,  as  sliown  at  the  bottom  ol 
Pig.  269.  Another  method  of  short  circuiting  the  vibrator  is  to 
keep  the  points  in  contact  by  wedging  a  piece  of  wood,  rubber  oi 
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tardboard  under  the  vibrator  spring  between  the  core  of  the  coil 
and  the  vibrator.  Keeping  the  points  in  contact  in  this  manner  is 
5  equivalent  to  short  circuiting  them  by  the  wire  shunt. 
i  When  but  one  vibrator  is  used  the  contact  points  must  be  made 
■5  larger  than  those  on  the  individual  vibrators,  because  it  does  four 
times  as  much  work.  The  construction  of  the  K-W  vibrator  is 
clearly  shown  at  Fig.  269,  and  in  view  of  the  instructions  that  have 
been  previously  given  for  the  care  and  adjustment  of  these  devices 
it  is  not  necessary  to  describe  its  construction.  The  instructions 
given  for  adjusting  the  vibrator  are  very  simple,  it  being  merely 
necessary  to  observe  if  there  is  a  space  of  %4  inch  between  the 
platinum  contact  points  when  the  vibrator  spring  is  held  down 
firmly  on  the  iron  core.  A  gauge  made  of  %4  inch  thick  steel  may 
be  placed  between  the  contact  points  until  the  adjusting  screw  is 
screwed  down  to  a  point  where  the  gauge  can  be  pulled  out  with- 
out much  trouble.  This  will  give  the  proper  distance  for  the  arma- 
ture or  bottom  spring  to  travel. 

Double  and  Triple  Ignition  Methods. — There  are  many  cars 
in  operation  to-day  which  utilize  double  and  triple  ignition  sys- 
tems. On  some  of  these  it  is  possible  to  have  three  practically  in- 
dependent means  of  supplying  the  ignition  spark.  As  will  be  ap- 
parent, the  wiring  of  a  triple  ignition  system  is  apt  to  be  much 
more  complex  than  that  of  the  simpler  methods  now  in  vogue.  In 
the  ignition  system  outlined  at  Fig.  271,  which  has  been  used  on  a 
six  cylinder  car,  it  will  be  evident  that  in  addition  to  the  usual 
Bosch  D-6  dual  magneto  an  entirely  independent  individual  spark 
coil  and  battery  timer  system  is  included.  Two  sets  of  plugs  are 
used,  one  serving  both  magneto  distributor  systems,  while  the  other 
is  connected  to  the  individual  coil  units.  The  connections  of  the 
magneto  system  are  no  different  than  in  the  regular  dual  system 
previously  described,  w^hile  those  of  the  battery  and  coil  may  be 
easily  determined  by  a  close  study  of  the  diagram.  The  primary 
timer  has  six  contacts,  one  of  which  serves  each  ignition  coil.  As 
the  firing  order  of  this  engine  is  1-5-3-6-2-4,  the  wires  from  the 
timer  must  run  to  the  individual  unit  coils  in  the  same  order  so 
as  to  have  the  cylinders  fire  in  proper  sequence.  For  example, 
the  wire  from  the  contact  No.  1  of  the  timer  runs  to  coil  No.  1, 
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next  in  order  is  contact  No.  5,  which  is  wired  to  coil  uni 
Following  this  comes  timer  contact  No.  3,  which  supplies 
to  coil  No.  3.  While  the  individual  spark  coils  are  conui 
order,  i.e.,  coil  No.  1  is  joined  to  spark  plug  and  cylinder  Xi 
No.  2  to  spark  plug  and  cylinder  No.  2,  and  so  on  the  tin 
tact  must  be  numbered  according  to  the  firing  order.  It 
apparent  that  two  sources  of  ignition  current  are  provided 
battery  and  coil  systems,  one  being  a  storage  battery,  the 
set  of  dry  cells. 


Tig,  272. — Wiring  Diagram  of  Double  Ignition  Syttam  at  A;  oi 
Ignition  System  at  'B,  'boQi  l«  Four  OjdlBda  BhUbm. 
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A  double  ignition  system  in  which  a  true  high  tension  magneto 
IB  used  and  a  four  unit  vibrator  coil  and  four  point  timer  is  shown 
at  A,  Fig.  272,  This  ignition  system  is  for  a  four-cylinder  motor 
having  a  firing  order  of  1 — 3 — 4 — 2.  At  B,  Fig.  272,  a  triple  igni- 
tion system  for  a  four-cylinder  engine  is  shown,  this  being  prac- 
tically the  same  as  that  outlined  at  Fig.  271,  except  that  the 
wiring  diagram  is  somewhat  simpler  owing  to  the  lesser  number 
of  cylinders.  The  advantage  of  a  double  ignition  system  is  that 
one  can  determine  if  irregular  engine  operation  is  due  to  the  igni- 
tion system  or  not  very  easily  by  running  the  engine  first  on  one 
system,  then  on  the  other.  If  the  engine  runs  as  it  should  on  the 
battery  system  after  it  has  been  misfiring  on  the  magneto  it  is 
reasonable  to  assume  that  some  portion  of  the  magneto  system  is 
not  functioning  properly.  If  the  engine  runs  well  on  the  magneto, 
but  not  on  the  battery,  the  trouble  may  be  ascribed  to  failure  in 
the  chemical  current  producer  or  its  auxiliary  devices.  On  the 
}ther  hand,  if  the  engine  does  not  run  well  on  either  ignition 
systems,  it  is  fair  to  assume  that  the  trouble  is  not  due  to  faulty 
gnition. 

Two  Spark  Ignition. — Most  racing  and  a  few  pleasure  cars 
lave  been  equipped  with  two  spark  magneto  ignition  systems,  the 
dea  being  to  secure  greater  power  and  speed  due  to  the  use  of 
wo  spark  plugs  in  the  cylinder.  While  systems  of  this  kind  are 
•are,  it  may  be  well  for  the  repairman  to  become  familiar  with  the 
)rinciples  involved  in  case  he  should  ever  be  called  upon  to  install 
i  two  spark  magneto  or  to  make  repairs  on  some  speedster  model 
o  equipped.  When  a  magneto  is  employed  in  connection  with  two 
park  ignition  it  is  common  practice  to  provide  two  separate  dis- 
ributors  and  in  some  cases  a  double  wound  armature  having  two 
ets  of  windings  served  by  a  common  contact  breaker.  In  the 
ystem  shown  at  A,  Fig.  273,  a  two  spark  magneto  is  employed 
n  connection  with  the  simple  dash  switch  wired  as  indicated,  by 
vhich  one  may  obtain  the  use  of  but  one  spark  with  the  switch 
ever  in  the  position  shown  and  the  double  spark  if  the  switch  lever 
s  rocked  to  the  other  extreme,  or  on  the  line  marked  **2/'  If 
he  lever  is  swung  to  the  left  or  on  a  line  with  that  indicated 
*0,"  no  spark  will  pass  through  the  engine,  as  the  magneto  will 
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be  grounded.  The  system  outlined  at  B  is  that  of  a  tw 
magneto  that  can  be  used  in  connection  with  a  vibrator  < 
battery,  as  in  the  dual  system  previously  described.  In  i 
to  the  switch  on  the  coil,  a  two  point  switch  is  placed  on  t 
in  Older  to  obtain  single  or  double  spark  ignition  as  desit 


Fig.  273. — OntliBlng  Use  of  Two  Spark  HlKh  Tcniloii  Ibgnet 

Timing  Battery  Igmtion  Systems. — In  timing  a  motor 
battery  ignition  system  with  individual  vibrator  coils  to 
the  current  to  respective  cylinders,  the  first  thing  to  asce 
the  firing  order  of  the  engine  to  be  timed.  The  diagram,  F 
shows  all  components  of  a  battery  ignitioii  system,  also  a  8 
view  of  one  of  the  cylindeta  oi  the  engine,  showing  t&e 
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of  the  piston  when  the  spark  should  occur  in  the  cylinder  wit) 

the  primary  timer  fully  advanced.    When  the  primary  timer  i 

fully  retarded  the  spark  will  take  place  after  the  piston  has  reachec 

the  top  of  its  stroke  and  has  started  to  go  down  on  the  explosioi 

stroke.     The  four  unit  spark  coil  has  a  two  point  switch  on  it 

face  and  has  ten  terminals.     Four  of  these  which  are  protectee 

by  heavy  insulators  or  bushings  of  hard  rubber  run  to  the  sparl 

plugs  as  indicated.      These  are  the  secondary  terminals.      Th< 

two  primary  terminals  under  the  switch  are  connected  to  the  posi 

tive  poles  of  the  dry  cell  and  storage  batteries  respectively,  th( 

negative  terminals  of  the  two  batteries  being  joined  together  by  i 

common  wire  and  grounded.    This  leaves  four  primary  leads  whicl 

go  to  insulated  terminals  connecting  with  the  segments  of  th( 

timer. 

The  method  of  timing  an  engine  is  very  simple.      The  sparl 
advance  lever  on  the  steering  wheel  is  advanced  fully.    The  inlel 
valve  of  cylinder  No.  1  is  watched  as  the  engine  is  turned  by  th( 
hand  crank.    Just  after  the  inlet  valve  closes  which  indicates  thai 
t   the  piston  has  started  to  go  up  on  its  compression  stroke  the  pistoi 
travel  may  be  gauged  accurately  as  it  moves  up  by  the  timing  rod 
inserted  through  a  petcock  in  the  top  of  the  cylinder  or  througl 
a  valve  cap  opening.    If  the  engine  is  not  provided  with  a  reliei 
cock  or  spark  plug  that  will  permit  the  use  of  the  gauge  rod,  the 
flywheel  markings  may  be  utilized  to  determine  the  center  corre- 
sponding to  the  end  of  the  piston  upward  movement.    The  vibrator 
of  coil  connected  to  cylinder  No.  1  should  begin  to  buzz  with  the 
timer  casing  in  full  advanced  position  before  the  piston  reaches 
the  end  of  its  upward  stroke.     The  amount  of  crankshaft  travel 
is  about  30  degrees  from  the  point  where  the  spark  takes  place  to 
that  where  the  piston  reaches  the  top  of  its  stroke.    If  the  timer 
casing  is  set  in  full  retard  position  the  spark  should  take  place 
30  degrees  of  the  crankshaft  travel  after  the  piston  has  left  the 
^nd  of  its  compression  stroke.     Some  engines  have  the  spark  set 
45  degrees  advance.    With  the  spark  advance  lever  set  about  half 
^ay  of  its  travel  the  spark  may  be  made  to  occur  just  when  the 
piston  reaches  the  end  of  its  compression  stroke,  or  on  top  center. 
It  is  necessary  to  provide  a  wider  range  of  spark  advance  on  a 
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battery  and  coil  ignition  system  tban  when  a  magneto  is 
it  is  said  that  &  range  of  advance  of  60  degrees  is  suffic 
four-cylinder  motors  and  27  degrees  for  si:[-cylinder  mott 
magneto  ignition. 

In  timing  a  strange  car  it  is  easy  to  tell  whether  the  m< 
of  the  spark  lever  advances  or  retards  the  timer  case  b.v 
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Fig.  271. — Diagram  Showing  Method  of  Timing  Fonr  C^^inder 
Ignition  STBtem. 

the  direction  of  movement  of  that  member.  If  the  spark 
lever  is  pushed  in  a  certain  direction,  say  from  the  point 
sector  nearest  the  driver  to  tlie  other  extreme,  and  the  s 
on  the  timer  move  to  meet  ftie  ftdvancing  contact  ndler,  i 
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dent  that  a  movement  of  the  spark  advance  lever  from  front 
Tear  advances  the  ignition.     If  the  timer  case  oscillates  so  t 
Begment  moves  away  from  the  advancing  contact  roller,  that  mo^ 
ment  of  the  spark  lever  retards  the  ignition.    In  most  timers  t 
rotating  contact  member  is  fastened  to  the  shaft  in  such  a  wj 
that  it  may  be  moved  independent  of  engine  rotation,  if  desire 
hj  releasing  the  fastening.     Sometimes  it  is  held  on  a  taper 
Aaft  by  a  clamping  nut,  in  other  constructions  it  is  driven  by 
;  kollow  shaft  which  is  set  screwed  to  the  timer  driving  shaft  t 
position  of  which  can  be  changed  as  desired.     In  every  case  t 
roller  should  be  set  in  contact  with  the  segments  joined  to  c^ 
unit  No.  1,  the  remaining  terminals  being  wired  according  to  t 
I  firing  order  and  the  direction  of  rotation  of  the  timer  brush, 
f  the  diagram  now  under  discussion  after  the  roller  leaves  unit  No. 
I  segment  it  will  go  to  that  in  connection  with  unit  No.  2,  then 
f  the  one  joined  to  unit  No.  4,  and  finally  to  the  terminal  conveyh 
I  the  electrical  current  to  unit  No.  3.    This  means  that  the  plug 
i  eyUnder  No.  1  fires  first,  followed  by  those  in  cylinders  2,  4, 
•    in  the  order  named.    With  the  switch  lever  in  the  position  shoi; 
or  between  the  two  contact  buttons,  the  ignition  is  interrupt 
and  battery  current  cannot  flow  to  the  coil  unit.     If  the  swit 
lever  is  moved  to  the  button  on  the  right  marked  ''storage  hi 
tery,*'  the  secondary  current  producer  will  furnish  ignition, 
moved  to  the  button  on  the  left,  the  dry  cells  will  be  brought  in 
action.     The  same  method  is  employed  in  timing  a  two,  three 
six-cylinder  motor,  the  only  precaution  to  be  observed  being 
run  the  wires  from  the  timer  to  the  coils  so  the  cylinders  will  fi 
in  proper  order. 

At  one  time  secondary  distributor  systems  using  a  single  ui 
vibrator  coil  for  firing  a  multiple  cylinder  engine  were  very  pop 
lar,  but  at  the  present  time  few  cars  use  the  long  contact  tim 
and  distributor  combination.  The  modern  cars  that  employ  batte: 
ignition  use  a  short  contact  timer  and  a  non-vibrator  coil  un 
Popular  systems  of  this  nature  are  the  Atwater-Kent  and  tl 
Delco,  both  of  which  have  been  previously  described.  Practical 
the  same  method  of  timing  is  employed  with  these  systems  exce 
that  there  is  but  one  primary  terminal  on  the  contact  breaker  po 
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tion  of  the  distributor  which  is  joined  to  the  correspoDding 
minal  of  the  spark  coil.  A  proper  distribution  of  current  to 
cylinders  is  made  by  connecting  the  distributing  terminals  to 
plugs  in  proper  firing  order,  same  as  advised  with  a  magneto. 


Fig.   275. — Dlagiun  SbowiBg  Metbod  of  Timing  Four  Oyllndar  B 
Tenilon  H&gueto  Ignition  Syitem. 


TiminjT  "UaffaaXa  Ignition  Syitems. — An  ideal  method  of  i 
nefo  placinp  and  one  followed  by  a  large  number  of  monufactu 
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ahown  at  Pig.  275.  In  this  the  device  is  fitted  to  a  four-cylinder 
ipne,  and  as  the  armature  must  be  driven  at  the  same  speed  as 
|e  crankshaft,  it  is  necessary  to  use  but  one  extra  gear,  that  being 
le  same  size  as  the  engine  shaft  pinion  and  driven  by  the  cam- 
Hft  speed  reduction  gear.  Incidentally,  the  sketch  illustrates  the 
^  method  of  timing  the  magneto,  which  is  one  of  tlie  direct 
i-tension  type.  The  position  of  the  various  parts  is  clearly 
Having  fixed  the  magneto  to  the  engine  crankcase,  the 
ing  pinion,  or  one  of  the  members  of  a  flange  or  Oldham 
ipling,  is  put  loosely  on  the  tapered  end  of  the  armature  shaft, 
the  cover  to  the  distributor  and  the  dust  cover  of  tlie  contact 
:er  are  removed  to  allow  one  to  control  the  position  of  the 
iture.  The  motor  is  now  turned  over  by  hand  so  tlie  piston 
the  first  cylinder  is  at  top  center,  which  can  be  determined 
T  by  watching  the  crankshaft  through  a  suitable  opening  in 
engine  base,  by  reading  the  marks  on  the  flywheel  rim,  or  by 
ing  a  wire  through  a  compression  relief  petcock  or  spark 
hole,  if  either  of  these  is  at  the  top  of  the  cylinder. 
The  armature  of  the  magneto  is  then  brought  to  the  position 
ited  in  sketch,  which  represents  the  fitting  of  a  magneto 
is  taming  clockwise  when  viewed  from  the  driving  end.  The 
ice  between  the  end  of  the  armature  and  the  pole  piece  should 
between  14  and  17  mm  or  between  .5511  inch  and  .6692  inch. 
represents  an  advance  of  about  .5  inch  on  a  motor  with  a  five- 
stroke.  A  graphic  chart,  prepared  by  the  Bosch  Company 
reproduced  at  Fig.  243,  shows  the  relation  between  piston 
il  and  crankshaft  movement  for  engines  of  different  strokes 
clearly.  The  armature  is  uncovered  by  removing  the  flat 
cover  lying  between  the  horseshoe  magnets,  this  often  carry- 
the  safety  spark  gap  (as  shown  at  Figs.  256  and  258),  and 
illy  seri'ing  as  a  lid.  If  earlier  timing  be  desired  for  any 
purpose  the  gap  may  be  widened  a  trifle,  if  it  be  thought 
timing  is  too  far  advanced,  the  gap  may  be  lessened.  The 
breaker  is  fully  advanced  at  this  time  and  the  contact 
its  are  just  about  to  separate.  Having  placed  everything  in 
m  as  described,  tighten  the  coupling  on  the  taper  shaft  and 
out  for  a  small  taper  pin. 
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Tig.  278.— At  Top,  Sbowlng  Methods  of  Tlnliic  Boacb  Hlfh 
Magneto  wlian  Rotated  In  Either  Dliectlon.  At  Bitttiwi,  81 
Wiring  DlagTun  of  Botch  High  Tenaloii  Ignltton  ByntB. 
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e  connections  to  the  various  cylinders  must  be  made  in  the 
they  fire  (see  following  tabulation).  When  the  cover  to  the 
Qtor  is  off,  see  at  which  segment  the  brush  is  contactiug. 
ire  to  the  spark  plug  in  the  first  cylinder  is  then  led  to  the 
lal  corresponding  to  this  segment.  Then  the  plug  in  the 
er  that  is  next  to  fire  is  coupled  to  the  next  segment,  and 
The  numbers  on  the  distributor  show  the  order  in  which 


Left  EUnd  HifBetn. 


Rilhl  Hund  M>(iicl<i. 
LookiiK  a  Uuhine  Iron  Dririnl 
End.   Pointi  (S)  mbotit  U  0(Mn  u 


nc.  87S.— SlunriiiK  Uet&ods  of  Timing  SpUtdotf  Hagn«to. 


rious  contacts  are  brought  in  contact  with  the  rotating  dis- 
Dg  brush,  and  not  that  in  which  the  cylinders  fire.  In  the 
the  cylinders  fire  1 — 2 — 4 — 3.  Therefore,  the  segment  num- 
is  coupled  to  the  plug  in  cylinder  4,  and  the  segment  4  is 
ted  to  the  plug  in  cylinder  3,  which  is  thus  the  last  to  fire 
explosion  takes  place  first  in  cylinder  1.  The  direction  of 
tribntor  bmsh  rotation,  if  driven  by  the  usual  £otm  ol  ^at- 
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inf,  is  opposite  to  that  of  the  magneto  armatare.  Obrioiuly,  i 
one  cylinder  is  timed  correctly,  the  remaining  members  will  ak 
fire  at  the  proper  time  in  the  cycle  of  operations.  The  positioD 
of  the  armature,  distributing  brush,  contact  breaker  cam  ani 
piston  are  easily  ascertained  by  inspection  of  drawing. 


OiStribUterTermlnils 

PgJM 

^Distribiiler 

T^U^^I 

Brcfther  __, 
ContACt  Screw 

^^r::^® 

k^^^A 

TwrSjj^ Ml  (^ 

A^^^^^ 

LsN^®f^ 

Bre&kcr  m 

m                  C*m 

Fig.  280.— Front  View  of  Bemy  M&gnvto,  Sbowimg  OotutncUon  of  Dla- 
trlbntor  and  Gontect  Biaakor. 


Piling  Order  of  Typical  Engines. — The  following  informatioi 
relative  to  timing  of  leading  1914  and  1915  models  of  Americu 
manufacture  nill  prove  of  great  value  to  the  repairman  called 
upon  to  repair  many  different  makes  of  cars.    It  is  well  to  remei* 
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r,  if  the  firing  order  is  not  known,  that  it  can  be  easily  determined 
following  the  inlet  valve  movements  in  the  cylinders  and  noting 
order  of  opening  of  these  members. 

ABBOTTDETBOIT. 
34-40  AND  44-50 — Fibing  Obdeb  1-3-4-2. 

Belle  Isle — Fibing  Obdeb  1-5-3-6-2-4. 

lUgneto  Setting — Piston  dead  centre,  lever  fully  retarded.  Full  advance, 
rk  occurs  with  crankshaft  13  degrees  ahead  of  dead  centre.  Contact 
It  gap  .018  inch. 

ALLEN. 

40 — Fibing  Obdeb  1-2-4-3. 
Magneto  Setting — Piston  top  dead  centre,  lever  fully  retarded. 


AMEBICAN. 

Scout — Fibing  Obdeb  1-3-4-2. 

644,  646  AND  666 — Fibing  Obdeb  1-5-3-6-2-4. 
Ifagneto  Setting — Three-quarter  inch  after  dead  centre  on  flywheel. 

ABBENZ. 

Fibing  Obdeb  1-3-4-2. 
Kagneto  Setting — ^Piston  .03125  inch  late,  lever  fully  retarded. 

AUBUEN. 

4-40  AND  4-41 — Fibing  Obdeb  1-3-4-2. 
ICagneto  Setting — ^Piston  .03125  inch  late,  lever  fully  retarded. 

6-46  AND  6-45 — Fibing  Obdeb  1-4-2-6-3-5. 
lUgneto  Setting — ^Piston  top  dead  centre,  lever  fully  retarded. 

BUICK. 

B  24,  26,  36,  37  and  38 — Fibing  Obdeb  1-3-4-2. 

Deleo— l^th  timer  cam  fully  retarded,  spark  occurs  40   degrees  past 
dead  eentre  on  firing  stroke.     With  hand  spark  lever  half-way  ad- 
spark  oeeura  at  approximately  top  dead  centre. 

B  65 — Fibing  Obdeb  1-4-2-6-3-5. 
-PSaton  dead  centre  with  timer  fully  retarded. 
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CASE. 

25  R  AND  35  S — Firing  Order  1-3-4-2. 
Magneto  Setting — One  thirty-second  inch  before  top  dead  centre. 

40  O — Firing  Order  1-3-4-2. 
Magneto  Setting — One-sixteenth  inch   after  top  dead  centre. 

CHALMERS. 

24— Firing  Order  1-4-2-6-3-5. 

Magneto  Setting — One  and  one-half  inches  past  centre,  lever  fully 
tarded. 

CHANDLER. 

Six— Firing  Order  1-5-3-6-2-4. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

COLE. 

Four — Firing  Order  1-3-4-2. 
Six— Firing  Order  1-5-3-6-2-4. 

Delco — Piston  dead  centre,  distributor  fully  retarded. 

CONTINENTAL. 

27 — Firing  Order  1-3-4-2. 
Magneto  Setting — Three-quarter  inch  after  dead  centre  on  flywheel 

GLIDE. 

36  AND  30 — Firing  Order  1-3-4-2. 
Westinghouse — Piston  top  dead  centre. 

GRANT. 

M— Firing  Order  1-3-4-2. 

Magneto  Setting — Lever  fully  advanced,  piston  .3125  inch  before 
dead  centre. 

HAYNES. 

28 — Firing  Order  1-3-4-2. 
Magneto  Setting — One  sixty-fourth  inch  advanced  on  down  stroke. 

26  AND  27 — Firing  Order  1-4-2-6-3-6. 
Magneto  Setting — One  sixty-fourth  inch  advanced  on  down  stroke. 
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HUDSON. 
6-40  AXD  d-64 — Firing  Order  1-5-3-6-2-4. 

HUPMOBILE. 

32 — Firing  Order  1-2-4-3. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

IMPERIAL. 

I  34  F  B,  32  AND  34  4  M— Firing  Order  1-2-4-3. 

*  54  AND  44-6 — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — Points  break  with  piston  on  dead  centre. 

INTER-STATE. 
45 — Firing  Order  1-5-3-6-2-4. 

JACKSON. 

Majestic  and  Olympic — Firing  Order  1-3-4-2. 
Magneto  Setting — Piston  .125  inch  before  top  centre. 

SuLTANic — Firing  Order  1-5-3-6-2-4. 
Magneto  Setting — Piston  .125  inch  before  top  centre. 

JEFFERY. 

93 — Firing  Order  1-3-4-2. 
96 — Firing  Order  1-4-2-6-3-5. 

Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

KEETON. 
F— Firing  Order  1-5-3-6-2-4. 
Magneto  Setting — Points  break  6.5  degrees  before  centre. 

KING. 

B— Firing  Order  1-3-4-2. 

Magneto  Setting — Points  break  with  lever  fully  retarded  from  centre 
Z  inch  past  on  flywheel. 

KNOX. 

44  AND  45— Firing  Order  1-3-4-2. 

ICagDeto   Setting — ^Piston   .75   inch   before   top   centre,   lever  fully   re- 
Battery,  piston  .375  inch  before  top  centre. 
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KBIT. 

L — Firing  Obdeb  1-3-4-2. 

Magneto  Setting — Piston  .125  inch  before  top  dead  centre,  lever  f 
retarded. 

LEWIS. 

Six — Firing  Order  1-6-3-6-2-4. 

Magneto  Setting — Piston  top  dead  centre,  lever  fully  retarded, 
advance  equals  .234375  inch  of  piston  stroke. 

LOCOMOBILE. 

48  LD  AND  RD,  38  RD  and  LD— Firing  Order  1-6-3-6-2-4. 

Magneto  Setting — ^Three-eighths  to    .4375  inch  before  top   dead  cei 
lever  fully  advanced. 

LOZIEB. 

Four — Firing  Order  1-3-4-2. 
77 — Firing  Order  1-4-2-6-3-6. 
Magneto  Setting — Piston  dead  centre,  lever  fully  retarded. 

LYONS-KNIGHT. 

K4 — Firing  Order  1-3-4-2. 

Magneto  has  six-inch  range  on  20-inch  flywheel  from  one  inch  past  ce 
to  five  inches  before. 

MAXWELL. 

25-4  AND  35-4 — ^Firing  Order  1-3-4-2. 

60-6— Firing  Order  1-4-2-6-3-6. 

Magneto  Setting — Points  break  with  piston  on  dead  centre,  lever  i 
retarded. 

MOLINE-KNIGHT. 

26-60 — Firing  Order  1-3-4-2. 
Magneto  Setting — Piston  top  dead  centre. 

MOON. 

42 — Firing  Order — 1-3-4-2. 
6-60 — Firing  Order  1-5-3-6-2-4. 
Deleo — Spark  breaks  on  centre  in  retarded  pontion. 
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NATIONAL. 

40 — FiBiNO  Obdeb  1-3-4^. 

Ma^eto  S^ttingf — ^Piston  .0625  inch  past  top  dead  centre,  lever  fi 
retarded. 

Six — FiBiNO  Obdeb  1-6-3-6-2-4. 

Magneto  Setting — Piston  .125  inch  before  top  dead  centre,  lever  fi 
retarded. 

NOBWALK. 

C  AND  D — Firing  Obdeb  1-4-2-6-3-5. 

Atwater  Kent — Piston  is  .093  inch  past  centre  with  distributor  set 
retard. 

OLDSMOBILE. 

54 — Firing  Obdeb  1-6-3-6-2-4. 

Delco— Spark  occurs  at  piston  dead  centre  with  hand  spark  lever  fv 
retarded  or  .390625  before  dead  centre  with  lever  fully  advanced. 

OVERLAND. 

79 — FiBiNO  Order  1-3-4-2. 

Magneto  Setting — One  and  one-quarter  inches  after  dead  centre  () 
wheel),   lever  fully   retarded. 

PACKARD. 

2-38 — Firing  Order  1-4-2-6-3-6. 
Magneto  Setting — Piston  .5  inch  before  top  centre,  lever  fully  advanc 

•    PAIGE. 

25  AND  36 — Firing  Order  1-3-4-2. 

Magneto  Setting — Place  No.  4  piston  on  top  dead  centre  (Compressi 
stroke).     Points  should  just  begin  to  break. 

PIEBCE-ABROW. 

Sixes — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — Magneto  mark  on  flywheel  should  be  4.8125  incl 
ahead  of  1  and  6  top  centre  and  1  showing  in  timing  window.  Piston 
.5  inch  before  top  dead  centre  of  33  degrees  of  crank  circle.  Batt< 
spark  occurs  with  piston  2.125  inches  before  top  dead  centre  or  75  degr 
of  crank  circle  with  spark  lever  fully  advanced. 
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PILOT. 

50 — FiBiNO  Obdeb  1-3-4-2. 
60 — FiEiNG  Obdeb  1-6-3-6-2-4. 

Magneto  Setting — Points  break  with  lever  fully  retarded  and  piston 
dead  centre. 

POPEHARTFORD. 

35 — ^FiBiNO  Obdeb  1-2-4-3. 

Magneto  Setting — Piston  top  dead  centre.    Maximum  advance  of  magi 
.5  inch  on  piston  travel. 

PREMIER. 

6-48  AND  Weidelt — FiBiNG  Obdeb  1-4-2-6-3-5. 
Magneto   Setting — Piston    dead   centre,   lever   fully    retarded. 

REGAL. 

C,  T,  N  AND  NC — FiBiNG  Obdeb  1-2-4-3. 
Magneto  Setting — Piston  top  dead  centre,  lever  fully  retarded. 

REO. 

Fifth — Fibing  Obdeb  1-3-4-2. 

Remy  System — Piston  top  dead  centre  when  indexing  button  on  dij 
butor  engages. 

SAXON. 

A — Fibing  Obdeb  1-3-4-2. 
Atwater  Kent — Piston  dead  centre,  distributor  fully  retarded. 

SIMPLEX. 

38  and  50 — Firing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  .015625  inch  before  top  dead  centre. 

75 — Firing  Obdeb  1-3-4-2. 
Magneto  Setting — Piston  dead  centre  or  slightly  after. 

SPEEDWELL. 

H — Firing  Order  1-5-3-6-2-4. 
Magneto  Setting — Points  break  with  piston  at  top  dead  centre. 

Rotary — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — One-sixteenth  inch  after  top  dead  centre,  lever  I 

retarded. 
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STEABNS-KNIGHT. 

FouB — Firing  Obdeb  1-2-4-3. 
Six — ^FiBiNQ  Order  1-5-3-6-2-4. 

Magneto  Setting — ^Piston  top  dead  centre,  points  breaking. 

STEVENS-DUBYEA. 

C  6 — Firing  Order  1-4-2-6-3-6. 

[  Magneto  Setting — Figure  1  showing  in  timing  window,  25  degrees  before 
;l9p  dead  centre  (flywheel). 

STUDEBAKER. 

Four — Firing  Order  1-3-4-2. 
Six — Firing  Order  1-5-3-6-2-4. 

Hemj  System — Spark  occurs  .75  inch  after  top  dead  centre. 

VELIE. 

5  and  9 — Firing  Order  1-3-4-2. 
10 — Firing  Order  1-5-3-6-2-4. 

Magneto   Setting — Piston  top  dead  centre. 

WINTON. 

Six — Firing  Order  1-5-3-6-2-4. 

Magneto  Setting — Piston  .125  inch  after  top  dead  centre,  lever  fully  re- 
tarded and  points  breaking. 

I 

Battery  System  Hints. — See  that  the  wires  are  heavy  enough 
Id  carry  the  current  and  that  all  the  connections  are  kept  clean 
■nd  bright  as  every  corroded  joint  causes  needless  resistance. 

Inspect  battery  connections,  etc.,  occasionally,  as  they  have  a 
kabit  of  working  loose. 

Look  well  to  the  ground  connection,  which  should  be  very  se- 
enrely  made  and  placed  where  it  will  not  corrode. 

Be  sure  the  battery,  especially  if  dry  cells  are  used,  is  where 
it  cannot  get  wet,  as  the  paste-board  may  absorb  sufficient  moisture 
to  short  circuit  the  cells. 

,  See  that  all  wires  are  securely  fastened  so  that  they  cannot  by 
i/Kj  means  rub  or  chafe  against  either  wood  or  metal  parts ;  espe- 
tUiy  the  aeccmdary  wires. 

I 

t 
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Frequently  examine  the  condition  of  the  plugs^  as  plug  trc 
is  often  looked  for  elsewhere. 

Don't  allow  the  wires  to  become  water-  or  oil-soaked,  as  s 
circuiting  will  probably  result. 

Don't  screw  down  electrical  connections  with  the  fingers, 
tight  joint  cannot  be  made.    Use  pliers. 

Don't  allow  the  storage  battery  to  get  so  far  discharged 
it  will  not  operate  the  coil.    See  that  the  vibrators  are  set  as  lig 
as  possible  to  run  the  engine  without  skipping,  otherwise  they 
waste  current. 

Don't  take  it  for  granted  you  have  ignition  trouble  every 
the  engine  stops. 

Don't  start  out  knowing  the  battery  to  be  nearly  exhau 
as  it  may  run  all  right  to  start  with,  but  will  probably  go  oi 
business  at  a  most  inopportune  time  and  place. 

Don't  adjust  the  coil  vibrator  for  the  biggest  possible  si 
as  it  wastes  current. 

Don't  think  the  coil  is  no  good  if  the  vibrators  do  not 
exactly  alike. 

Don't  test  storage  batteries  with  an  ammeter  unless  they 
charging  or  discharging. 

Don't  strain  the  coil  by  disconnecting  the  secondary  wires  < 
pletely  so  that  no  spark  can  jump,  or  by  testing  how  far  it 
jump. 

Don't  screw  or  nail  anything  on  to  the  coil  box,  as  you 
injure  it. 

Don't  tolerate  any  loose  wires  or  poorly  made  connections, 
ihem  at  once. 


CHAPTER   VI 

MOTOR   STARTING  AND   LIGHTING   SYSTEMS 

leading  Methods  Outlined — Mechanical  Starters — Pneumatic  Starters — P: 
to-lite  Primer — Electric  Starter  Forms — Generator  and  Starting  Mol 
— Generator  Driving  Means — Starting  Clutches  and  Gearing — Switc 
and  Current  Controlling  Devices — ^Typical  Wiring  Diagrams — Delco  S 
tem — Bijur — Hartford,  Auto-Lite — Gray  &  Davis — Chalmers — Ent 
Remy — Faults  in  Motors  and  Generators — ^Faults  in  Wiring — ^Typi 
Lighting  Systems. 

One  of  the  pronounced  developments  of  the  last  two  or  th: 
years  has  been  the  general  adoption  of  various  starting  means  : 
setting  the  engine  in  motion  without  recourse  to  the  usual  fo 
of  hand  crank.  Some  of  these  motor  starting  systems  merely 
place  the  usual  hand  crank  with  some  means  of  turning  the  mo^ 
over  without  leaving  the  seat  by  purely  mechanical  connectia 
Others,  on  1912  and  1913  models  of  a  few  cars,  depend  on  i 
pressure,  while  the  most  popular  and  generally  applied  forms 
1916  model  cars  depend  on  electricity  as  a  source  of  power  foi 
small  electric  starting  motor.  Electric  starting  and  lighting  s; 
terns  have  been  made  in  many  forms,  though  the  basic  princip 
of  operation  are  practically  the  same  in  all  systems  that  can 
grouped  in  several  main  classifications.  It  will  not  be  possil 
to  describe  all  in  a  general  treatise  of  this  nature,  but  if  t 
features  of  the  leading  systems  are  outlined  it  will  not  be  difiici 
for  the  repairman  to  became  familiar  with  the  principle  of  otl 
systems  which  may  be  slightly  different  only  in  points  of  mir 
detail.  Before  discussing  the  electrical  starting  means,  it  will 
necessary  to  give  brief  consideration  to  the  mechanical  and  pn( 
matic  starting  systems  which  have  received  some  degree  of  pn 
tical  application  and  which  are  still  advertised  in  trade  prints. 
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Mechanical  Starters. — While  different  makes  of  cars  h. 
marketed  using  air  starting  systems,  there  has  been  no  cai 
with  a  meciianieal  starter,  so  wherever  these  are  used  tl 


Tig.  281. — SliowlnK  OonBtnictlon  of  Mechuilcml  D«vlc«s  for  f 
Ouollno  Engine  from  the  Operator's  Seat 

been  applied  by  the  owner  of  the  veliicle  and  not  the  manuf 
Owing  to  the  wide  distribution  of  the  Ford  automobile, 
fact  that  the  makers  make  no  provision  for  a  self-starting 
various  forms  of  simple  starters  by  which  the  motor 
cranked  from  tlie  seat  have  been  offered.  Two  of  these  ar 
at  the  top  of  Fig.  281.    That  at  A  consists  of  a  ratche 
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which  is  attached  to  the  starting  end  of  the  crankshaft  and  whi( 
is  operated  by  means  of  chain  connection  with  the  smaller  pull( 
of  a  two  diameter  pulley  wheel.  The  larger  wheel  carries  a  wi] 
cable  which  is  attached  to  a  straight  rod  running  through  tl 
dashboard  and  terminating  in  a  handle  convenient  to  the  drivei 
hand.  A  pull  on  the  spade  type  handle  provided  at  the  end  < 
the  rod  will  move  the  pulley  wheel  and  produce  a  correspondii] 
movement  of  the  starting  ratchet  which  turns  the  engine  cranksha: 
over  in  the  same  way  as  the  hand  crank  does.  A  modification  ( 
the  device  shown  at  A  is  outlined  at  B.  This  works  on  the  san 
principle,  except  that  an  odd-shaped  member  is  used  to  turn  ov( 
the  engine  crankshaft.  Thei^  devices  are  in  no  sense  of  the  wor 
'* self-starters,"  but  on  light  motor  cars  they  provide  an  eflfecti\ 
substitute  in  that  the  engine  may  be  turned  over  without  undi] 
exertion  and  without  leaving  the  seat.  This  is  an  advantage  c 
some  moment  when  the  engine  stalls  in  traffic,  or  under  conditio! 
where  it  would  be  inconvenient  to  get  out  of  the  car. 

Two  types  of  mechanical  starters  known  as  the  Wilkinson  ai 
shown  at  the  bottom  of  the  illustration,  Fig.  281.  The  one  at  1 
is  operated  by  pulling  a  handle  on  the  dash,  the  one  at  C  by  a  pedf 
designed  for  foot  actuation.  The  mechanism  is  such  that  th 
fl^'wheel  is  pushed  around  by  a  lever  which  will  engage  with  eithe 
a  stud  or  a  shoulder  on  the  flywheel.  The  type  at  the  left  us€ 
the  studded  flywheel,  there  being  four  of  these  marked  **S. 
^Tien  the  arm  C  is  moved  by  depressing  a  pedal,  the  finger  j 
contacts  with  one  of  the  studs  and  turns  the  flywheel.  Retur; 
^^gagement  is  produced  by  the  large  spring  shown.  In  order  t 
Dainimize  liability  of  injury  from  backfire,  the  Wilkinson  devic 
18  constructed  so  that  the  pawl  D  rises  on  the  cam  which  bear 
against  the  collar  E,  and  thus  throws  the  finger  out  of  engage 
^ent  with  the  stud.  One  thrust  of  the  pedal  will  turn  the  flj) 
^heel  of  a  four-cylinder  engine  sufficiently  to  cause  one  cylinde 
to  fire  should  ignition  and  carburetion  and  carburetion  system 
^  functioning  properly.  The  type  at  D  is  just  as  simple,  but  i 
modified  somewhat  in  its  construction.  In  this  a  hand  lever  i 
^sed  to  rotate  the  flywheel,  and  instead  of  using  studs  on  th 
flywheel  rim,  four  shoulders  in  the  interior  periphery  do  the  worl 
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These  shoulders  may  be  cast  with  the  wheel,  or  in  some  cars  11 
is  possible  to  have  them  cut  in  the  flywheel.  The  operation  is  the 
same  as  that  of  the  type  i)reviously  described  as  the  movement  of 
the  cable  causes  the  finger  to  engage  with  one  of  the  shoulders^ 
and  thus  turn  the  flywheel. 

The  results  obtained  with  any  of  these  mechanical  starters  are 
not  to  be  compared  with  that  obtained  from  an  electrical  device 
which  spins  the  motor  much  faster  than  normal  hand-cranking 
speed,  whereas  the  mechanical  starter  produces  a  movement  of  not 
more  than  half  a  revolution  of  the  flywheel.  Various  forms  of 
spring-operated  starters  have  been  devised  and  placed  on  the  mar- 
ket, but  these  have  not  been  very  popular  on  account  of  their 
bulk  and  lack  of  reliability.  The  amount  of  power  that  can  be 
stored  in  a  spring  is  not  great,  and  at  the  most  the  motor  could 
only  be  turned  over  three  or  four  revolutions.  If  the  ignition  or 
carburetion  systems  w^ere  not  functioning  just  as  they  should  be, 
it  will  be  apparent  that  the  spring  would  be  unwound  and  in- 
capable of  starting  the  motor.  In  order  to  turn  the  motor  over  it 
is  necessary  with  most  of  these  starters  to  rewind  the  spring  with 
a  hand  crank  provided  for  the  purpose.  If  the  engine  starts 
promptly  the  spring  is  rewound  automatically  by  the  engine,  and 
as  long  as  the  engine  starts  without  delay  the  starter  is  available 
for  use.  Practically  all  of  these  devices  require  special  fittings, 
with  the  exception  of  those  described  for  the  Ford  car,  and  as  full 
instructions  are  furnished  by  their  makers  for  application  the 
repairman  who  is  called  upon  to  fit  a  mechanical  starter  may  do 
so  without  trouble  by  following  the  instructions  provided. 

Pneumatic  Starters. — Three  prominent  makes  of  automobiles 
w^hich  have  been  marketed  in  fairly  large  numbers,  namely  the 
Winton,  Pierce-Arrow  and  Chalmers,  have  used  pneumatic  or  air 
starters  all  of  which  have  operated  on  exactly  the  same  system. 
At  the  present  time  these  cars  are  furnished  with  electrical  starters 
of  the  conventional  patt(*rn.  In  case  the  repairman  is  called  upon 
to  repair  one  of  the  models  equipped  with  an  air  starter,  the 
writer  believes  it  necessary  to  consider  the  arrangement  of  the 
parts  and  the  method  of  oi)eration  briefly  before  considering  the 
subject  of  electrical  starters.     All  the  components  of  typical  ays- 
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terns,  ODC  of  which  was  used  on  Pierce-Arrow  cars,  is  slio' 
Fig.  282.  It  vn\l  be  obser\'ed  that  an  air  pump  of  the  four- 
der  type  was  attached  to  the  gear  box  and  driven  from  the  co 
shaft  of  that  member.  This  supplied  air  to  an  air  reserve 
container  attached  to  the  chassis.  This  container  communi 
with  the  top  of  an  air  distributor  when  a  suitable  control 
was  open.  ^Vn  air  pressure  gauge  is  provided  to  enable  o 
ascertain  the  air  pressure  available.  Tlie  top  of  each  cylini 
provided  with  a  check  valve,  t)irough  which  air  can  flow  ot 
one  direction,  i.e.,  from  the  tank  to  the  interior  of  the  eyli 
Under  explosive  pressure  these  check  valves  close.    Tlie  functi 


e  Important  ComponeDts  of  Early  Olulinns  Air  I 
STBtem. 
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tributor  is  practically  the  same  as  that  of  an  ignition  timer, 
rpose  being  to  distribute  the  air  to  the  cylinders  of  the 
only  in  the  proper  firing  order.  All  the  while  that  the 
is  running  and  the  car  is  in  motion  the  air  pump  is  f unc- 
;  unless  thrown  out  of  action  by  an  easily  manipulated 
control  lever.  When  it  is  desired  to  start  the  car  a  starting 
IS  opened  which  permits  the  air  to  flow  to  the  top  of  the 
utor,  and  then  through  a  pipe  to  the  check  valve  on  top 
cylinder  about  to  explode.  As  the  air  is  going  through 
considerable  pressure  it  will  move  the  piston  down  just  as 
3losion  would,  and  start  the  engine  rotating.  The  inside  of 
tributor  rotates  and  directs  a  charge  of  air  to  the  cylinder 
)  fire.  In  this  way  the  engine  is  given  a  number  of  revo- 
,  and  finally  a  charge  of  gas  will  be  ignited  and  the  engine 
flE  on  its  cycle  of  operation.  One  of  the  advantages  of  the 
rter  system  is  that  a  source  of  air  is  provided  for  blowing 

)  general  arrangement  of  the  Chalmers  air  starter  was  prac- 
the  same  as  that  depicted.  Some  of  the  components  were 
erent  construction.  Instead  of  being  driven  by  enclosed 
J  the  air  pump  was  operated  through  a  silent  chain  from 
tnp  shaft,  as  shown  in  the  upper  left  hand  comer,  Pig.  283. 
I  air  pump  the  cylinders  were  water  jacketed  in  order  to 
t  overheating.  The  construction  of  the  dash  push  valve  is 
shown  at  C.  This  member  not  only  serves  to  admit  air 
center  of  the  distributor,  but  also  opens  the  cylinder  start- 
ves  to  permit  the  air  to  flow  into  the  cylinder.  The  start- 
[ve  construction  is  clearly  shown  at  E,  this  consisting  of  a 
fltting  adapted  to  be  screwed  into  the  cylinders  and  com- 
ting  with  the  interior  of  the  combustion  chamber.  The  bell 
X  was  used  to  depress  the  valve  stem  Y,  and  thus  provide 
nication  between  the  air  distributor  and  the  combustion 
?r  interior.  As  the  distributor  was  one  of  the  important 
)f  all  air-starting  systems,  that  used  on  the  Chalmers  car 
quipped  with  the  air  starter  is  shown  at  Fig.  284.  By  re- 
•  to  the  sectional  view  at  the  right  of  the  illustration  it  will 
arent  that  its  function  is  practically  the  same  as  that  of  a 
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primary  timer  or  secondary  distributor  of  a  magneto,  except  t 
instead  of  distribntii^  electrical  energy  a  blast  of  air  was  direei 
to  the  cylinders  in  the  proper  firing  order.  The  rotating  distriba 
disc  is  provided  with  one  slot  which  registers  consecatively  w 
the  openings  to  which  the  pipes  running  to  the  various  cylind 
were  fastened.  About  the  only  trouble  with  an  air-starting  4 
tern  was  faulty  check  valve  action  or  leaks  in  the  pipe  lino 
distributor  which  permitted  the  escape  of  air.  If  no  air  presn 
was  supplied  to  the  tank  the  pump  was  at  fault.  This  may 
easily  determined  on  inspection ;  the  same  troubles  should  be  look 
for  as  described  for  tlie  air  pressure  pump  sometimes  used  in  a 
nection  with  the  pressure  system  of  fuel  supply. 


rig.  284. — stowing  ConatriictioQ  of  DiBtributlue  UecbuHsm  EaplDiai 
with  Air  Starting  System. 


Pres-to-lite  Primer. — "Where  a  ear  is  equipped  with  a  Pn 

to-lite  gas  tank  it  is  possible  to  secure  easy  starting  by  hand  cru 
ing,  and  even  to  run  the  engine  on  acetylene  gas  in  an  emerg^ 
if  the  gasoline  supply  fails  by  using  a  simple  priming  fitting  shfll 
at  Fig.  285.  The  outfit  consists  of  an  automatic  reducing  \ii 
attached  to  the  gas  tank,  a  pipe  line  running  to  the  dash,  nuii 
push  \al\c  so  mounted  that  acetylene  gas  may  he  admitliti  i| 
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e  inlet  manifold  through  a  pipe  running  from  the  push  valve 
the  intake  member.  As  shown  at  A,  a  simple  lever  is  rigged  up 
'  the  push  button  may  be  operated  from  the  front  of  the  car. 
t  B  the  push  button  is  worked  by  the  foot.  The  arrangement  of 
le  parts  is  clearly  shown  in  the  view  at  the  bottom  of  the  illus- 
*ation.  It  is  said  that  a  properly  charged  gas  tank  will  run  a 
5  H.  P.  motor  from  tefn  to  twelve  miles  if  the  gasoline  supply 
lould  fail.  The  reason  the  acetylene  gas  provides  easy  starting  is 
lat  it  is  very  inflammable  and  does  nc^  need  to  be  vaporized  as 
le  liquid  fuel  does.  The  gas  primer  is  of  special  value  when 
sed  in  connection  with  mechanical  starters  of  various  kinds.  Be- 
3re  depressing  the  push  button  it  is  necessary  to  open  the  main 
[lut-oflf  valve  incorporated  with  the  push  button  assembly  on  the 
ash.  This  permits  the  gas  to  flow  from  the  automatic  pressure 
egalator  to  the  body  of  the  device  where  the  push  button  valve 
nmdes  access  with  the  pipe  running  to  the  intake  manifold. 
^brioiisly  this  priming  system  can  be  used  only  with  cars  equipped 
rith  a  gas  tank.  On  the  modern  electrically  lighted  and  started 
are  the  gas  tank  will  be  unnecessary,  and  is  not  apt  to  be  used. 
lowever,  the  gas  tank  would  probably  be  applied  for  lighting 
iorpoBes  on  cars  equipped  with  air  starters,  and  on  these  models 
t  would  be  of  particular  advantage  inasmuch  as  the  tendency 
I  the  air  current  passing  to  the  cylinders  is  to  retard  prompt 
raporization  of  the  fuel  sucked  in  from  the  carburetor,  the  rich 
icetylene  gas  would  provide  a  rich  mixture,  and  would  enable  the 
mgine  to  run  for  a  long  enough  period  to  permit  the  explosion 
to  heat  up  the  cylinders  enough  so  the  gasoline  would  vaporize 
promptly. 

Electric  Starter  Forms. — Electric  lighting,  cranking  and  igni- 
tion systems  for  motor  cars  are  of  such  recent  development  that 
it  is  not  possible  to  describe  all  systems  used  for  this  purpose. 
Not  only  do  the  individual  systems  vary  in  detail,  but  the  com- 
ponents of  the  same  system  are  often  of  different  construction  when 
used  on  cars  of  different  makes.  The  standard  equipment  must 
include  three  component  parts,  namely,  the  generator  which  is 
driven  by  the  engine  and  which  produces  electric  current  to  keep 
the  storage  battery  charged,  and  the  starting  motor  ^\\\q\v  \%  vc^ 
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Fig.  28S. — Showing  Metliod  of  UtUIziug  PTM-t»-Uta  Oa«  Tftnk  to  1 
tftte  StaTtlng  tbe  AntomobU«  Pomr  PUnb 

mechanical  connection  with  the  engine  and  in  electrical  o 
tion  with  the  storage  battery  when  it  is  desired  to  tarn  the 
over  for  starting.  If  the  motor  and  generator  are  combii 
one  instrument  the  starting  system  is  known  aa  a  one  anit 
If  the  motor  i»  one  appliance  and  the  generator  another,  tl 
tem  is  said  to  be  a  two  unit  system.  Each  of  these  has  advai 
and  both  forms  have  demonstrated  that  they  are  thorone^j 
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addition  to  the  throe  main  items  enumerated,  various 
1  snch  as  switches,  ammeters,  connectors,  wiring,  pro- 
pcuit  breakers,   automatic   current   regulators,   etc.,   are 

for  the  convenient  distribution  and  control  of  the  elec- 
nt.     The  arrangement  of  the  parts  of  a  typical  one  unit 

which  the  motor-generator  is  used  only  for  starting  and 
8  shown  at  Fig.  286.     This  shows  the  location  of  the 


—Side  Tlew  of  Trplcal  Automobile   Showing  Application  of 
Ents  One  Unit  Starting  and  Ligbtlog  System. 


arts  in  their  relation  to  the  other  components  of  the 
•.  The  motor  generator  is  mounted  at  the  side  of  the 
id  is  driven  by  the  magneto  drive  shaft  when  used  as  a 
,  and  serves  to  drive  the  engine  through  this  means  when 
as  a  motor.  The  ignition  current  is  supplied  from  in- 
t  sonrce,  a  high  tension  magneto.  The  starting  switch 
controlling  the  lighting  system  are  placed  on  the  dash, 
storage  battery  is  carried  under  the  floor  of  the  tonneau. 
?m,  which  is  known  as  the  Gntz,  will  he  described  more 
in  proper  sequence. 

ements  of  a  one  unit  system  are  shown  in  diagram  form 
t  o£  Fig.  287.  It  will  be  observed  that  the  armature  car- 
commutators,  one  of  which  is  used  when  the  armature  is 
r  the  engine  and  when  the  device  serves  as  a  current 
,  the  other  being  employed  when  the  operating  conditions 
led  and  the  electrical  machine  is  acting  as  a  motor  \o  \,ura 
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over  the  engine  crankshaft.  "When  the  device  is  driven  as  &  g 
erator  the  small  sliding  pinion  on  the  short  end  of  the  shstl 
out  of  engagement  with  the  spur  gear  cut  on  the  flywhed  < 
terior.  When  it  is  desired  to  start  the  engine  the  spur  geu* 
meshed  with  tlie  member  cut  on  the  flywheel  and  the  cuffl 
from  the  storage  battery  is  directed  to  the  windings  of  the  elefll 
machine  which  becomes  a  motor  and  which  turns  over  the  eng 
crankshaft.  VTben  the  device  is  working  as  a  generator  the  4 
rent  that  is  developed  goes  to  the  storage  battery,  and  from  fl 
member  to  the  various  current  consuming  units. 

Sometimea  the  motor  and  generator  are  combined  in  one  c«fl 
and  the  systera  so  provided  is  erroneously  called  a  "one  nnl 
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Fig.  287.— Diagram  Defining  Application  of  One  and  Two  tTnit  I 
Starting  Systems. 


system.  This  construction  is  shown  at  the  riglit  of  Pig. 
reality  such  a  system  is  a  two  unit  system,  because  the  el* 
machines  are  unl-fuDctional  instead  uf  performing  a  dual  f 
as  does  the  combined-motor-generator  at  the  right  of  the  I 
tration.  The  wiring  is  shown  in  simplitied  form  and  should 
easily  followed  by  any  repairman.    The  parts  of  a  two  uni^  * 
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1  li^rtiDg  system  are  shown  at  Fig.  288.  This  ^vtem  is 
aes  called  a  "three  unit"  system,  on  accoiut  of  having  a 
of  independent  curreiit  supply  for  ignition  purposes.    As 

observed,  the  generator  is  driven  from  the  motor  crank- 
ly  silent  chain  connections,  one  of  the  terminals  passing 
1  the  cut-out  device  and  to  the  storage  battery,  the  other 
il  running  directly  to  the  storage  battery  terminal  having 

by-pass  or  shont  wire  attached  to  the  cut-out.    All  the  time 
e  engine  is  running  the  generator  is  delivering  electricity 
storage  battery- 
rill  be  observed  that  the  storage  battery  is  also  coupled  to 
iiting  circuits  wliich  are  shown  in  a  group  at  the  right  of 


IB. — DUgrun  SbowliiB  Oomponenta  of  Tliroe  Unit  Stutluft  Ll^t- 
intC  uid  Ignition  SysteniB. 


istration,  and  to  the  electric  starting  motor  as  indicated. 

the  storage  battery  terminals  is  joined  directly  to  the  switch 
il  by  a  suitable  conductor,  the  other  goes  to  one  of  the 
lb  on  the  starting  motor,  while  the  remaining  terminal  of 
rting  motor  goes  to  the  switch.  In  this  system,  when  the 
liding  pinion  is  meshed  vrith  the  flywheel  gear,  the  switch 
m  on  simultaneously,  and  the  current  that  flows  from  the 

battery  tbroof^  the  windings  of  the  starting  motor  toV&Xar 
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the  eogine  crankshaft  by  means  of  reductiou  gears  shown, 
as  the  engine  starts  the  foot  is  released  and  a  spring  ; 
switch  out  of  contact,  and  also  disengages  the  sliding  pin 
the  flywheel  gear. 

The  actual  appearance  of  a  motor  fitted  with  a  two  ni 
starting  and  lighting  system  is  shown  at  Fig.  289.     It 


Fig.  ZS9. — ^Method  of  Attkcliiiig  SUrtlng  Motor  tad  Ootianttor  oi 
Tbrae  Unit  System  on  Six  OyUndar  X 


observed  that  the  generator  is  driven  from  the  pnmpsha 
sion  by  a  leather  universal  joint,  while  the  starting  motor  is 
at  the  back  end  of  the  crankshaft  in  such  a  position 
concealed  sliding  pinion  may  be  brought  into  engagement 
flywheel  driving  gear.  The  interlock  between  the  startii 
and  the  pinion  shifting  means  is  also  clearly  shown.  1 
starting  systems  may  be  operated  on  either  six*  or  ts 
current,  the  former  being  generally  favored  because  tin 
lamps  use  heavier  filaments  than  those  of  high  voltage. 
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t  so  likely  to  break  due  to  vibration.  It  is  also  easier  to  install 
six-volt  battery,  as  this  is  the  standard  voltage  that  has  been 
ed  for  many  years  for  ignition  and  electric  lighting  purposes 
tfore  the  starting  motors  were  applied. 

In  referring  to  a  system  as  a  one  unit  system  of  lighting, 
arting  and  ignition,  one  means  that  all  of  these  functions  are 
leorporated  in  one  device,  as  in  the  Delco  system  described  in  the 
hapter  on  ignition.  If  one  unit  is  used  for  generating  the  light- 
ig  and  starting  current,  and  also  is  reversible  to  act  as  a  motor, 
nt  a  separate  ignition  means  is  provided  such  as  a  high  tension 
nagneto,  the  system  is  called  a  **two  ufait"  system.  The  same 
lesignation  applies  to  a  system  when  the  current  generating  and 
gnition  functions  are  performed  by  one  appliance,  and  where  a 
eparate  starting  motor  is  used.  The  three  unit  system  is  that  in 
irhich  a  magneto  is  employed  for  ignition,  a  generator  for  supply- 
ng  the  lighting  and  starting  current,  and  a  motor  for  turning 
)ver  the  engine  crankshaft.  Before  describing  the  individual  sys- 
tems it  would  be  well  to  review  briefly  the  various  components 
common  to  all  systems. 

The  generator,  as  is  apparent  from  its  name,  is  utilized  for 
producing  current.  This  is  usually  a  miniature  dynamo  patterned 
largely  after  those  that  have  received  wide  application  for  gener- 
ating current  for  electric  lighting  of  our  homes  and  factories, 
rhe  generators  of  the  different  systems  vary  in  construction.  Some 
iave  a  permanent  magnetic  field,  while  others  have  an  excited  field, 
[n  the  former  case  permanent  horseshoe  magnets  are  used  as  in 
I  magneto.  In  the  other  construction  the  field  magnets,  as  well 
IS  the  armature,  are  wound  with  coils  of  wire.  In  all  cases  the 
l^oiamo  or  generator  should  be  mechanically  driven  from  the 
Dgine  crankshaft  either  by  means  of  a  direct  drive,  by  silent 
hain,  or  through  the  medium  of  the  timing  or  magneto  operating 
ears.    Belts  are  apt  to  slip  and  are  not  reliable. 

All  the  current  produced  by  the  generator  and  not  utilized  by 
he  various  current  consuming  units  such  as  the  lamps,  ignition 
ystem,  electric  horn,  etc.,  is  accumulated  or  stored  in  the  storage 
attery,  and  kept  in  reserve  for  starting  or  lighting  when  the 
Dgine  is  not  running  or  for  lighting  and  ignition  v^Vvew  tl\^  e^\J 
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is  being  run  at  such  low'  speed  that  the  generator  is  not  supply 
current.  Storage  batteries  used  in  starting  systems  must  b 
special  design  in  order  to  stand  the  high  discharge  and  to  perl 
efficiently  under  the  severe  vibration  and  operating  conditiom 
cidental  to  automobile  service.  The  storage  battery  may  be 
stalled  on  the  running  board  of  the  automobile,  under  the  b 
or  under  the  front  or  rear  seat,  the  location  depending  upon 
design  of  the  car  and  the  degree  of  accessibility  desired, 
best  practice  is  to  set  the  storage  battery  in  a  substantial  can] 
case  held  by  rigid  braces  attached  to  the  frame  side  and  t 
members.  If  the  battery  should  be  set  under  the  tonneau  i 
boards,  a  door  must  be  provided  in  these  to  give  ready  accei 
the  battery. 

The  starting  motor,  which  takes  the  place  of  the  common  b 
crank,  is  operated  by  current  from  the  storage  battery,  and 
high  speed  armature  rotation  is  reduced  to  the  proper  cranl 
speed  by  reduction  gears  of  the  different  forms  to  be  describei 
proper  sequence.  The  construction  of  the  starting  motor  is  p 
tically  the  same  as  that  of  tlie  dynamo,  and  it  operates  on  the  a 
principle,  except  that  one  instrument  is  a  reversal  of  the  otlw 

In  order  to  secure  automatic  operation  of  a  lighting  and  sl 
ing  system  several  mechanical  and  electrical  controls  are  nee 
these  including  the  circuit  breaker,  the  governor,  which  maj 
either  mechanical  or  electrical,  and  the  operating  switches, 
circuit  breaker  is  a  device  to  retain  current  in  the  storage  btt 
under  such  conditions  that  the  battery  current  is  stronger  than^ 
delivered  from  tlie  generator.  If  no  circuit  breaker  was  profl 
the  storage  battery  could  discharge  back  through  the  gentfl 
winding.  The  circuit  breaker  is  sometimes  called  a  **cutfll 
The  circuit  breaker  is  usually  operated  by  an  electro  magne^' 
may  be  located  either  on  the  generator  itself  or  any  other  i 
venient  place  on  the  car,  though  in  many  cases  the  circuit  br«^ 
are  usually  mounted  on  the  back  of  the  dashboard.  This  di 
is  absolutely  automatic  in  action  and  requires  but  little  attentkj 

The  governors  are  intended  to  prevent  an  excessive  outlMl 

current  from  the  generator  when  the  engine  runs  at  eztMJ 

high  speed.     Two  types  are  used:  one  mechanical,  operate 

i' 

•4 


Electric  Starting  Systems  577 

L  force,  and  the  other  electrical.  The  former  is  usually 
drive  mechanism  mounted  on  the  generator  shaft  which 
lly  limits  the  speed  of  the  dynamo  armature  to  a  defi- 
termined  number  of  revolutions  per  minute.  The  maxi- 
ent  output  is  thus  held  to  the  required  amount  inde- 
of  the  speed  at  which  the  car  is  being  driven.  The 
device  minimizes  the  possibility  of  overheating  the  gen- 
rcharging  the  battery  at  high  car  speeds.  The  electrical 
governing  does  not  affect  the  speed  of  the  armature,  but 
le  output  of  the  generator  by  means  of  armature  reac- 
1  reversed  series  field  winding.  The  governors  usually 
maximum  generator  output  of  from  ten  to  twelve  am- 
igh  the  normal  charging  current  is  less  than  this  figure, 
ctically  all  systems  an  amperemeter  is  mounted  on  the 
lat  it  can  be  readily  inspected  by  the  driver,  this  indi- 
all  times  the  amount  of  current  being  produced  by  the 
r  drawn  from  the  battery.  If  the  indicating  needle  of 
emeter  points  to  the  left  of  the  zero  point  on  the  scale, 
that  the  battery  is  furnishing  current  to  the  lights  or 
•ent  consuming  units  or  discharging.  When  the  needle 
the  other  side  of  the  scale,  it  means  that  the  generator 
ag  current  to  the  battery  which  is  charging  it,  the  amount 
or  discharge  at  any  time  can  be  read  from  the  scale  on 
f  the  amperemeter.  Some  of  these  instruments  have  the 
harge"  and  ** discharge''  under  the  scale  in  order  to 
5  operator  to  read  the  instrument  correctly. 
?r  important  element  is  the  lighting  switch,  which  is 
Lounted  at  some  point  within  convenient  reach  of  the 
This  is  often  placed  on  an  instrument  board  on  the 
le  cowl  in  connection  with  other  registering  instruments. 
rily  constructed,  the  switches  are  made  up  of  a  number 
ind  the  wiring  is  such  that  the  head,  side  and  tail  lamps 
ontroUed  independently  of  each  other.  For  simplicity 
»nieiice  of  installation,  the  switch  is  usually  arranged 
1  circuits  are  wired  to  parallel  connecting  members  or 
'  placed  at  the  rear  of  the  switch.  In  some  cars,  as  the 
80  model,  the  switch  units  are  placed  on  t\\e  sl^Tm^ 
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D.  A&  but  little  current  passes  through  the  lighting  switch 
mtacts  are  not  heavy  in  construction  as  are  those  of  the 
ig  switch. 

e  function  of  the  starting  switch  is  to  permit  the  current  to 
rom  the  storage  battery  to  the  starting  motor,  when  it  is 
ary  to  start  the  car.  It  is  arranged  usually  so  as  to  be 
7  operated  by  the  foot  and  is  nearly  always  installed  at 
convenient  position  on  the  toe  board  of  the  car.  As  we 
previously  sho^^Ti,  the  starting  switch  is  often  interlocked 
he  starting  motor  gearing  so  that  the  operation  of  engaging 
ar  with  the  flywheel  and  of  turning  on  the  current  to  the 
ig  motor  are  accomplished  simultaneously.  The  lighting  and 
starting  wiring  systems  are  independent  of  each  other,  and 
\e  easily  found  as  that  used  to  convey  the  high  amperage 
ig  current  is  of  heavy  round  single  conductor  cable,  while 
^ting  wiring  is  usually  a  light  multiple  strand  cable.  In 
to  prevent  chafing  and  depreciation  of  the  insulation  the 
:  is  often  protected  by  conduits  of  a  flexible  metal  tubing, 
le  terminals  are  extremely  heavy  and  well  adapted  to  resist 
oration  which  is  unavoidable  in  automobiles. 
neraton  and  Starting  Motors. — Essentially  there  is  not 
difference  in  construction  between  a  starting  motor  and  a 
tor  as  the  principles  upon  which  they  operate  are  prac- 

the  same.    A  machine  that  is  capable  of  delivering  current 

direeticm  when  driven  by  mechanical  power  will  produce 
oical  energy  if  electrical  current  is  passed  through  the  wind- 

a  reverse  direction.  The  construction  of  typical  starting 
;  and  generators  may  be  readily  understood  if  one  refers 

illustrations  at  Fig.  290.  That  at  A  is  one  form  of  the 
fc  Davis  governed  dynamo,  which  is  of  the  limited  armature 
tj'pe.  The  power  is  directed  to  the  driving  member  of  a 
Q  clutch  which  turns  the  generator  armature  by  means  of 
a  contact  with  a  disc  attached  to  but  slidably  mounted  on 
nature  shaft.  This  plate  is  held  in  contact  by  a  coil  spring. 
'  of  hinged  governor  arms  are  attached  to  the  driven  clutch 
while  the  other  ends  are  attached  to  a  rotating  spider  mem- 
itened  on  the  dynamo  armature  shaft.    When  the  speed  m- 
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creases  beyond  a  given  point  the  governor  weights  fly  out 
centrifugal  force,  and  reduce  the  amount  of  frictional  i 
between  the  clutch  members  in  proportion  as  the  armatu 


ng.  201.— Ttw  DiBco  Two  Unit  Outfit  HftTlng  He 
Uounted  in  Common  Oairrlng  Ouo,  ttao  XMor  1 
ttw  6«iMntoi. 
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Md  augments,  until  the  point  is  reached  where  there  is  no 
itional  contact  between  the  parts  of  the  clutch  and  the  driving 
He  is  turning  at  engine  speed,  while  the  driven  member  that 
jpirts  motion  to  the  armature  is  gradually  slowing  down  and 
butting  the  tension  of  the  coil  spring  to  overcome  that  force 
idnced  by  rapid  rotation,  and  to  bring  the  discs  in  contact  again 
\  jnst  a  sufficient  length  of  time  to  enable  the  armature  to 
ptain  its  rated  speed  even  if  the  engine  is  running  faster  than 
LaL 

[a  typical  starting  motor,  which  is  of  the  Rushmore  design, 
pown  at  B.  As  will  be  evident,  this  is  practically  the  same  in 
■traction  as  the  generator  shown  above  it,  as  far  as  essentials 
Iconcemedy  except  that  no  governor  is  provided  and  the  arma- 
b  shaft  is  fitted  with  a  small  spur  pinion  designed  to  engage 
m  the  spur  gear  on  the  engine  flywheel.  No  mechanical  inter- 
iBection  is  necessary  between  the  drive  pinion  and  the  elec- 
id  starting  switch.  As  soon  as  the  current  flows  through  the 
kture  of  the  motor  it  will  move  that  member  laterally  and 
■matically  engage  the  pinion  of  the  flywheel  gear.  As  soon 
■  starting  switch  is  released,  a  coil  spring  will  push  the  start- 
I  motor  armature  back  again  in  the  position  shown  in  the  illus- 
■bn,  and  thus  automatically  bring  the  pinion  out  of  mesh  with 
■flywheel  gear.  In  order  to  obtain  a  sliding  feature  this  motor 
■rtore  shaft  is  mounted  on  plain  bearings  instead  of  ball  bear- 
■k  which  are  standard  equipment  on  practically  all  machines  of 
■nature. 

■he  device  outlined  at  Fig.  290,  C,  shows  the  construction  fol- 
■d  when  the  ignition  function  is  combined  with  a  current  gen- 
Bdt  and  starting  device  having  the  three  functions  performed 
■DDe  instrument.  The  general  construction  is  the  same  as  in 
■device  previously  outlined.  The  drive  shaft  of  the  device  is 
Med  to  be  attached  to  the  engine  by  direct  mechanical  means. 
■b  the  device  is  used  as  a  current  generator,  the  armature  is 
ks  by  the  shaft,  whereas  if  the  device  is  used  as  a  motor  the 
■hre  drives  the  shaft  A  through  a  planetary  reduction  gearing 
Hriler  clutch.  Regardless  of  whether  tlie  device  is  used  as  a 
■^  or  generator,  the  distributor  for  ignition  purpow^s  \s  dT\vei> 


582 


Automobile  Repairing  Made  Easy 


in  the  same  direction,  and  at  the  proper  speed  to  insure  igni 
as  it  is  driven  directly  from  shaft  A,  which  turns  at  cranU 
speed. 

An  example  of  a  double  deck  combined  instrument  in  which 
generator  is  carried  in  the  lower  portion  of  the  casing  and 
starting  motor  at  the  upper  part  is  clearly  shown  at  Fig.  291. 
view  at  A  shows  the  external  appearance  while  the  partial  see 
at  B  makes  clear  the  arrangement  of  the  reduction  gearing  I 
roller  clutch.  This  type  is  meeting  with  favor  because  il 
mounted  easily,  and  also  on  account  of  the  simple  mechanical  i 
nection  to  the  engine.  While  the  two  units  are  electrically  m 
rate,  i.e.,  each  having  its  own  field  and  armature,  it  may  be  ^ 
sidered  as  one  unit  mechanically.  The  double  deck  instrm^ 
shown  is  designed  for  application  to  the  side  of  a  gasoline- 
connecting  by  chain  or  gearing  to  the  pump  or  magnet 
shaft.  It  should  be  noted  that  this  chain  or  gear  is  the 
nection  between  the  machine  and  the  engine,  and  that  it 
not  only  for  transmitting  the  engine  energy  to  the  gem 
also  acts  to  transmit  the  power  from  the  starting 
the  engine  crankshaft  when  it  is  desired  to  start  the 
It  will  be  apparent  that  in  a  combined  instrument  of 
that  it  is  necessary  to  have  a  fairly  low  gear  ratio 
motor  and  the  engine  in  order  to  reduce  the  high  speed 
motor  armature  rotation  to  a  speed  low  enough  to  turn 
the  engine  crankshaft.  At  the  other  hand,  once  the  power 
is  started  the  generator  armature  must  turn  at  a  slower 
than  that  of  a  starting  motor,  and  if  it  is  run  from  the 
shaft  or  magneto  drive  shaft  it  will  turn  fast  enough  to 
ate  the  proper  quantity  of  electricity.  The  starting  motor, 
fcver,  must  be  geared  down  in  order  that  it  may  exert  the 
ing  torcjue  through  the  high  leverage  furnished  by  the  redoi 
gear.  The  motor  occupies  the  upper  position  as  shown 
Fig.  291,  and  carries  a  pinion  P  keyed  to  the  end  of  its 
sliaft  ]\r.  This  j)inion  transmits  the  drive  to  an  intermediate 
S,  which  in  turn  drives  the  large  gear  forming  the  outer 
an  overrunning  roller  clutch  R.  The  inner  or  driven 
of  this  clutch  is  mounted  rigidly  on  the  armature  shaft  Q 
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«tor  and  carries  the  drive  through  to  the  outer  chain  gear  (J 
cranking  the  ongiiio.  As  soon  as  the  engine  explotk's  and  tlm 
nins  above  tlmt  represented  by  tlie  starting  motor  at  the 
■clutch  the  latter  comes  aiitomatieally  out  of  aetion,  thus  pcr- 
ng  the  generator  to  obtain  its  power  in  the  normal  way  through 
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hain  wheel  C  attached  to  the  dynamo  shaft  G.  Tlie  motor 
tare  above  comes  to  rest  as  soon  as  tiie  starting  swid'h  is  re- 
.  The  generator  of  tliis  di^vice  has  its  output  controlled  by 
binntion  of  armature  reactions  and  a  bucking  nnl,  wliile  thft 
f  is  protected  from  discharging  back  through  the  generator 
imple  magnetic  contact  breater  or  cut-out. 
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Oeoerator  Driving  Methods. — When  electric  light! 
applied  to  automobiles  it  waa  not  considered  necessary 
generators  by  positive  connection,  and  the  early  devic 
nished  with  pulleys  for  flat  or  V  belt  drive.    At  the  pn 


Fig.  293. — Dlsgram  Showiag  HetliodB  of  Timiunnlttliig  Fomr 
Motor  to  Power  Flaot,  Also  SlstplUod  DiagTMn  Blutwli 
nected  StuUnK  Switch  and  Motor  StwUiig  Our. 


is  considered  highly  important  to  provide  a  positive 
connection  that  will  not  slip  between  the  generator  an< 
crankshaft.  The  common  systems  where  the  generate 
rate  unit  from  the  starting  motor  and  in  those  fomu 
starting  and  generating  functions  are  combined,  invoh 
tion  with  the  motor  crankshaft  through  some  form  of  { 
will  be  apparent  in  Fig.  2i69 ,  \\ve  generator  is  driven  1 
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niversal  joint  connections  with  an  extension  of  the  pump  shaft. 
lie  motor  crankshaft  imparts  its  power  through  the  camshaft  tim- 
ug  gear  to  the  small  pinion  utilized  in  driving  the  water  pump. 
n  the  generator  application  shown  at  Pig.  292  the  armature  is  ro- 
ated  by  silent  chain  connection  with  a  gear  on  the  motor  crank- 
haft.  There  is  not  the  diversity  of  drives  for  the  generator  as 
here  is  in  the  methods  of  connecting  the  starting  motor  to  the 
Old  of  the  crankshaft. 

Starting  Gearing  and  Clutches. — In  order  to  show  the  variety 
)f  driving  means  used  in  connecting  the  starting  motor  to  the  work 
)f  turning  over  the  engine  crankshaft,  the  leading  systems  have 
been  grouped  in  one  illustration  at  the  top  of  Fig.  293.  Starting 
from  the  front  of  the  motor,  the  first  method  shown  is  by  means 
of  a  worm  gear  initial  or  primary  reduction  and  chain  connection 
from  the  worm-driven  shaft  to  the  motor  crankshaft.  In  some  cars 
the  worm  reduction  is  used  having  the  starting  motor  mounted  at 
the  side  of  the  change  speed  gear  box  instead  of  attached  to  the 
motor  crankshaft.  The  reduction  in  speed  may  be  by  means  of  the 
spur  gears  and  chain,  as  shown  at  A-2,  or  by  a  chain  to  a  shaft  con- 
nected with  the  timing  gear,  as  in  A-3.  The  method  at  A-4  is  a  very 
popular  one,  including  a  reduction  to  an  intermediate  shaft,  which 
carries  a  sliding  pinion  designed  to  engage  the  gear  on  the  flywheel 
rim.  The  method  at  A-5  is  used  with  the  Rushmore  starter,  the 
pinion  being  brought  into  direct  engagement  with  the  gear  on  the 
flywheel  by  the  axial  movement  of  the  armature  when  the  current 
i«  supplied  to  the  field  winding.  The  method  at  A-6  permits  of 
attaching  the  starting  motor  securely  to  the  frame  side  member  at 
a  point  near  the  gear  box,  where  it  will  be  out  of  the  way  and  not 
interfere  with  the  accessibility  of  the  power  plant.  When  mounted 
in  this  manner  the  drive  is  by  a  double  universally  jointed  shaft  to 
a  small  silent  chain  sprocket,  which  connects  to  a  much  larger 
member  attached  to  the  engine  flywheel  or  crankshaft. 

The  complete  system  shown  at  Fig.  293,  B,  is  the  most  popular 
)f  all  that  have  been  used.  This  shows  the  application  of  the  start- 
ng  motor,  outlined  at  A-4.  The  mechanical  interlock  between  the 
liding  pinion  on  the  intermediate  shaft  and  the  starting  switch 
3  clearly  shown.    Before  the  pinion  engages  the  gear  on  the  fly* 
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irheel  rim  the  switch  makes  contact,  but  owing  to  the  resistance 
terposed  in  circuit  the  motor  will  turn  slowly  to  permit  of  m 
leady  engagement  of  the  sliding  pinion.  As  soon  as  the  pinioi 
folly  engaged  with  the  large  gear  the  resistance  is  cut  out  and 
motor  draws  what  current  it  needs  from  the  storage  battery,  1 
being  enough  to  produce  the  torque  necessary  to  turn  over  the 
pgine  flywheel  and  the  crankshaft  to  which  it  is  attached  at  si 
fpeed  as  will  produce  prompt  starting. 

The  actual  application  of  the  system,  shown  at  A-1,  Fig.  293 
outlined  at  C,  Fig.  294.  It  will  be  observed  that  the  starting  i 
tor  is  attached  to  the  side  of  the  engine  in  a  vertical  position  x 
that  it  drives  the  intermediate  shaft  by  means  of  a  worm  on 
motor  armature,  which  engages  with  a  worm  gear  on  the  inter: 
diate  shaft,  which  also  carries  the  driving  sprocket,  as  shown  at 
A  further  reduction  in  speed  is  obtained  owing  to  the  diflfere 
in  size  of  the  small  sprocket  on  the  intermediate  shaft  and  that 
tached  to  the  clutching  member  normally  revolving  free  on  the  i 
tor  crankshaft.  It  will  be  seen  that  the  motor  armature  is  s 
ported  on  ball  bearings,  and  that  one  of  these,  backing  the  wo 
is  a  double  row  form  capable  of  sustaining  both  the  end  thi 
and  radial  load  imposed  by  the  driving  worm.  In  order  to  re 
the  end  thrust  on  the  worm  gearing  successfully  a  ball  thrujst  b( 
ing  is  used,  as  shown  at  B.  When  it  is  desired  to  start  the  mc 
the  clutch  actuator,  which  is  shown  in  the  diagram  at  A,  is  pus) 
in  until  it  engages  the  ratchet  teeth  cut  on  the  face  of  the  la 
sprocket.  When  the  sprocket  turns  it  must  turn  the  engine  era 
shaft  in  the  same  direction,  but  just  as  soon  as  the  engine  r 
faster  than  the  large  sprocket  the  clutching  action  will  be  relea 
automatically  by  the  ratchet  teeth  being  thrown  out  of  enga 
ment.  If  it  is  necessary  to  start  the  engine  by  means  of  a  hi 
crank  this  may  be  done  by  inserting  the  starting  crank  in  the  stj 
ing  ratchet  provided  on  the  extreme  end  of  the  crankshaft.  ' 
large  sprocket  is  normally  free  and  the  engine  crankshaft  tu 
without  producing  a  corresponding  movement  of  the  sprocket  m< 
ber.  The  general  arrangement  of  the  parts  is  so  clearly  she 
that  no  further  description  will  be  necessary. 

The  construction  of  a  typical  overrunning  clwteVv  \s.  Okft^ 
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shown  at  Fig,  295,  The  electric  starting  motor  is  secun 
base  on  the  crankcase  of  the  gasoline  engine  and  the  motoi 
is  imparted  through  the  medium  of  the  small  gear  P  carried 
armature  shaft.  This  drives  gear  E,  which  turns  at  a  lowe 
on  account  of  being  larger,  and  that  in  turn  engages  with  i 
which  is  still  larger  in  diameter.  The  small  pinion  C,  whio 
much  slower  than  the  motor  pinion  P,  meshes  with  the  lari 
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B  attached  to  tlie  clutch  body.  The  use  of  this  gearing  pro 
reduction  of  40  to  1,  which  means  that  gear  F  must  make  i 
lutione  to  one  of  the  clutch  body. 

The  ratchet  or  driven  member  of  the  overnuining  clut^ 
pinned  to  the  engine  crankshaft  and  revolves  with  it  when  1 
tor  is  operating,  rotating  inedde  of  the  gear  B,  having  a  bea 
K  and  turning  in  the  direction  of  the  arrow.  The  membei 
three  flat  surfaces,  M,  cut  at  an  angle  to  the  inside  of  the  i 
On  each  of  these  a  hardened  steel  roller.  A,  is  held  inside 
gear  hy  a  li^ht  spring  and  against  the  flat  surface  of  the  i 
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e  roller  travels  with  the  clutch  and  runs  free  against  the 
tbe  gear  B  when  the  engine  is  in  motion  and  when  the  start- 
rs  are  idle.  As  soon  as  the  current  is  directed  to  the  elec- 
rting  motor,  the  three  rollers  are  bound  between  the  clutch 
id  the  ratchet  member  carrying  them  and  the  crankshaft  is 
until  such  time  as  the  engine  speed  increases  sufficiently  to 
I  that  of  the  member  attached  to  the  crankshaft. 


6. — Sbowlsg  Interconnection  lietween  Starting  Swltd:  and  Inta^ 
mediate  Pinion  of  D«lco  System. 


minning  clutches  are  not  necessary  in  those  systems  in 
he  gears  are  moved  into  engagement,  as  in  that  shown  at 
i.  In  this  the  starting  switch  and  the  double  shifting  mem- 
3,  are  mechanically  interconnected  so  that  the  startii^ 
•ill  not  be  completely  engaged  until  gearing  is  in  mesh.  The 
■ear  H  of  the  sliding  members  meshes  with  that  on  the  arma- 
ift,  while  the  smaller  of  the  pair,  £1,  meshes  with  the  fly- 
The  arrangement  of  the  parts  outlined  is  used  on.  lh«  CtAft 
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«ar.  In  the  Hartford  starting  motor,  which  is  shown  at  Fig 
the  clutch  is  of  the  friction  type  and  is  engaged  autora 
when  tlie  energy  is  passed  ttirongh  the  motor  winding  to  [ 
movement  of  the  engine  crankshaft.     The  reduction  betw 
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Fig.  297. — The  Hartford  iltartlng  Motor  EmplDylnc  Won 
Beductlon  at  A,  Word-Leonard  OomUuttoB  mt  B. 
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Aartiiig  motor  and  the  crankshaft  is  made  by  a  worm  and  worm 
gear.  When  the  switch  pedal  is  depressed  and  the  switch  blades 
go  into  contact  the  same  movement  produces  pressure  on  the  end 
of  the  lever  attached  to  R  R,  which  transmits  a  strong  pull  on  the 
friction  clutch  and  thus  connects  the  motor  to  the  starting  gear. 
The  Ward  Leonard  combination  is  shown  at  Fig.  297,  B.  In  this 
the  motor  is  carried  above  the  generator,  and  but  one  driving  gear 
is  needed  to  operate  both  the  generator  and  to  enable  the  starting 
motor  to  turn  over  the  engine  crankshaft.  The  speed  reduction  is 
by  an  intermediate  gear  shaft,  the  general  operation  being  the  same 
as  that  of  the  Disco  starter,  previously  described. 

Switches  and  Current  Controlling  Devices. — The  various 
methods  of  operating  the  starting  switch,  which  may  be  intercon- 
I  nected  with  the  gearing  to  turn  the  crankshaft,  are  shown  at  Pig. 
299.  All  of  the  methods  of  actuating  the  electric  self-starter  may 
be  grouped  into  three  main  classes :  one,  by  hand  lever ;  two,  by 
pedals,  and  three,  by  semi-automatic  means.  The  method  at  A  is 
med  on  some  Paige-Detroit  cars,  a  hand  lever.  A,  attached  to  the 
steering  column  being  used  to  make  the  mechanical  interconnection 
between  the  clutch  pedal  and  the  starting  gear  mechanism.  In  or- 
der to  safeguard  the  gearing  of  the  starter  the  electrical  connection 
cannot  be  effected  until  this  mechanical  interconnection  is  made. 
After  the  hand  lever  is  thrown  over  in  the  proper  position,  de- 
pressing the  clutch  pedal  suffices  to  permit  the  electrical  connection 
to  be  made  and  the  gasoline  engine  started.  In  the  Ilupmobile 
control,  which  is  shown  at  B,  a  small  auxiliary  lever  S  is  used  to 
put  the  starter  into  gear.  The  view  at  D  shows  a  small  pedal 
Krhich  is  employed  to  make  the  starting  connection.  This  is  the  most 
popular  system,  especially  when  pedal  is  connected  with  the  cur- 
rent-controlling switch,  so  that  the  full  amount  of  current  will  not 
low  to  the  motor  until  the  reduction  gearing  is  completely  engaged. 

An  example  of  the  semi-automatic  method  which  is  used  on  the 
lars  employing  the  Entz  starter,  namely,  the  Franklin,  Chalmers 
ind  White,  is  shown  at  C.  To  put  the  starter  in  operation  it  is 
wly  necessary  to  move  the  handle  H  on  the  dashboard  or  other 
convenient  position,  where  it  may  be  readily  reached  with  the 
land  or  foot.    This  method  is  called  the  semi-autom^ilYQ,,  \i^^^\\3a«i 
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the  starter  operates  all  the  time  until  the  gasoline  engine  is 
by  short  circuiting  the  ignition.  The  first  step  is  to  throw 
die  to  the  ignition  point,  and  after  closing  the  ignition  swii 
moved  in  the  same  direction  until  the  storage  battery  has  b 
□acted  to  the  starter  generator.  It  is  not  necessaiy  to  tc 
handle  again  until  one  desires  to  stop  the  engine,  as  mo< 
handle  to  the  other  extreme  of  its  operating  quadrant  fin 
the  connection  between  the  storage  battery  and  the  motor  gi 
and  then  interrupts  the  ignition.  With  this  starting  systei 
motor  should  be  stalled  for  any  reason  or  slow  down  below 


Fig.  29&— Method  of  AdJuUng  Ooronior  of  Onr  h  D»vl>  f 
DynantOb 
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cranking  speed  the  starting  motor-generator  unit  automati- 
changes  from  a  generator  to  a  motor  and  turns  the  gasoline 
le  crankshaft,  making  it  practically  impossible  to  stall  the 
le  with  this  type  of  starter. 

^wing  to  the  large  amount  of  current  starting  switches  must 
r,  they  are  made  much  heavier  in  construction  than  lighting 
hes.  They  must  be  mechanically  strong  and  the  contact  areas 
ifficiently  large  to  pass  a  current  of  from  40  to  200  amperes, 
nding  upon  the  voltage  of  the  starting  system  and  the  size  of 
ingine  to  be  turned  over.  If  the  contact  points  were  not  of 
!  area  they  would  be  very  soon  burnt.  There  are  two  types  of 
in^  switches  in  common  use,  one  has  only  a  single  contact  and 
ed  on  those  systems  in  which  the  motor  is  connected  at  once 
tly  to  the  battery  terminal.  The  other  type  of  switch  has  two 
of  contacts,  the  first  one  completing  a  circuit  through  a  re- 
Qce,  the  second  one  cutting  out  this  resistance  and  permitting 
naximuni  current  to  flow.  The  Gray  &  Davis  laminated  switch, 
•n  at  Fig.  300,  A,  is  a  two-contact  form.  A  movement  of  the 
ih  actuator  first  engages  the  blades  with  the  contacts  E  E,  then 
^ched  contact  piece  L  makes  a  connection  with  the  pieces  C  C 
low  the  maximum  current  to  pass.  With  the  switch  shown  at 
4iich  is  also  of  Gray  &  Davis  manufacture,  there  are  no  start- 
jgesTSy  and  the  only  necessary  operation  is  to  direct  the  current 
•tly  from  the  battery  into  the  starting  motor  winding.  The 
•h  is  set  in  the  floor  boards  of  the  car  and  is  operated  by  the 
L  rod  P,  which  terminates  with  a  button.  The  contacts  C  and 
•e  circular  in  form  and  their  free  ends  are  turned  away  from 
other  so  they  may  slip  down  over  the  members  R  and  S,  which 
let  in  the  insulating  piece  B.  As  soon  as  tlie  pressure  of  the 
IB  released  a  spring  returns  the  push  button  P  and  the  electric 
dt  is  broken. 

lie  switch  used  on  some  of  the  Delco  systems  is  shown  at  C. 
lie  latest  form  the  motor  generator  has  two  independent  wind- 
,  both  on  the  field  and  the  armature.  If  the  current  from  the 
ery  is  directed  into  the  generator  end  the  machine  acts  as  a 
ifc  motor  and  the  armature  rotates  at  a  moderate  speed.  If  the 
jjpg  gearing  will  not  mesh  immediately  when  brought  together 
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a  starting  button  on  the  dashboard  enables  the  operator  to  p 
current  through  the  generator  winding,  this  cansing  the  ar 
to  turn  over  and  facilitating  meshing  of  the  gearing.  Th 
starting  switch  lias  only  two  points.    In  the  off  position  the 


FlK-  299. — Conrentloiud  Method  of  Engaging  Stutiiig  OMiini 

is  connected  directly  to  the  battery  terminal.  An  auxiliary  c 
on  the  starting  switcli  breaks  the  circuit  through  the  geuerati 
and  stops  the  current  flowing  when  the  device  is  used  as  a  St 
motor,  A  heavy  copper  bar  is  moved  across  the  face  of  tfa 
tacts  B,  E  and  F,  the  switch  normally  connecta  E  and  F,  a  f 
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Viiidi  is  necessary  because  of  the  dual  fanctions  of  the  combined 
■otor  generator.  When  the  copper  bar  is  moved  to  the  left  con- 
licts  B  and  F  are  brought  into  full  electrical  connection  with  one 
mother  and  the  entire  battery  current  then  flows  to  the  motor.  The 
contact  pieces  are  molded  into  a  piece  of  insulating  material.  The 
contact  bar  is  pressed  agaiust  them  by  means  of  springs. 


Fig.  300. — Shoving  Cotutructlon  of  Typical  BdotOT  Burtlng  SwltcIi«B. 


Another  form  of  laminated  spring  switch,  which  is  known  as  the 
arpoon  type,  is  shown  at  B.  This  is  of  Ward  Leonard  design.  It 
!  designed  for  use  with  a  starter  having  flywheel  gear  drive,  thcre- 
)re  it  provides  two  contact  jKunts.  The  first  contact  with  resist- 
ice  in  circuit  is  secured  wlien  the  fingers  C  contact  or  make  con- 
action  with  the  plugs  E  and  F,  Further  movement  of  the  switch 
lOrt  circuits  the  resistance  by  closing  the  main  l8.m\'aaXft,4  tiv\\\- 
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Fig.  301. — Sactlanal  View,  Showing  Conatrnctlon  of  B 
ag«  Batt«r7  Intendod  for  Use  With  Motor  Star 
Systems. 

tacts  M  M,  These  allow  for  considerable  latiti 
The  entire  switch  is  built  up  on  a  piece  of  slate 
resistance  coils  of  wire  are  placed  in  the  back  o 
The  switches  shown  may  be  considered  repr( 
though  the  conatructioix  -vaxiea  Yiith.  ptaetieally  e 
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writer  is  indebted  to  the  Horseless  Age  for  the  illustra- 
gs.  299  and  300. 

L  Wiring  Diagrams,  Delco  System. — The  various  com- 
the  Delco  starting,  lighting  and  ignition  system  have 
led  in  the  preceding  chapter  on  ignition.  A  wiring  dia- 
e  Delco-Olds  system  is  shown  at  the  top  of  Pig.  302  for 
a  sufficient  knowledge  of  electricity  to  be  able  to  trace 
;  wires.  All  of  the  units  are  shown  in  diagram  form,  but 
on  of  the  system  may  be  easily  understood  if  the  descrip- 
las  been  previously  given  is  studied  in  connection  with 
n.  The  ignition  system  will  draw  its  current  either  from 
dry  battery  or  from  the  storage  battery.  The  function 
tion  relay  has  been  previously  described.  It  will  be  ob- 
t  this  system  operates  on  the  one  wire  method,  all  con- 
r  return  of  current  to  the  storage  battery  and  the  various 
^  made  by  the  motor  car  frame.  The  broken  lines  indi- 
►und  connection,  while  the  full  lines  designate  wires, 
g  the  starting  connections  first,  it  will  be  apparent  that 
terminals  of  the  storage  battery  is  grounded  to  the  f  rame^ 
e  other  is  joined  to  one  of  the  terminals  of  the  starting 
iie  other  terminal  of  the  starting  switch  is  joined  to  the 
>f  the  motor  generator,  which  makes  that  device  act  as 
turn  the  engine  crankshaft.  The  return  from  the  mo- 
gs  to  the  storage  battery  is  by  means  of  a  grounded  re- 
With  the  switch  in  the  position  shown,  the  starting 
re  not  connected  with  the  storage  battery,  but  the  gen- 
dings  are.  One  of  the  generator  terminals  is  joined  di- 
he  frame.  The  other  passes  through  the  cutout  relay 
1\l  the  voltage  regulator,  both  of  which  have  been  pre- 
scribed. Six  of  the  terminals  on  the  distributor  head, 
for  ignition,  are  joined  to  the  spark  plugs.  The  remain- 
al,  which  is  in  the  center  of  the  group,  is  joined  to  the 
terminal  of  the  ignition  coil.  The  circuit  through  the 
is  completed  through  a  grounding  wire,  which  is  in  elec- 
BWJt  with  the  grounded  bodies  of  the  spark  plug.  The 
srminals  of  the  spark  plug  are  joined  to  the  six  terminals 
ributor  head.    The  primary  winding  of  the  ignition  coil 
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is  joined  to  the  circuit  breaker  through  one  terminal,  this  in  ti 
passing  through  the  dry  battery  to  the  ignition  relay.  The  od 
terminal  of  the  ignition  coil  is  joined  to  the  starting,  lighting  |j 
ignition  switch  by  a  suitable  conductor. 

The  arrangement  of  this  switch  is  such  that  the  current  nuyi 
supplied  directly  to  the  head,  side  and  tail  lamps  from  the  sM 
battery  at  all  times  that  the  switch  circuit  is  closed.  It  is  alsof 
sible  to  draw  the  ignition  current  either  from  the  six-volt  8to0 
battery  or  from  the  battery  of  dry  cells.  The  only  time  thitl 
storage  battery  current  flows  through  the  starting  motor  winfil 
is  when  the  starting  switch  closes  the  circuit  between  the  stofl 
battery  and  the  motor.  At  all  other  times  the  starting  switch  fll 
ber  is  in  such  a  position  that  the  generator  windings  are  in  ad 
and  that  the  current  from  the  armature  is  being  passed  into 
storage  battery. 

Delco  Motor  (Generator. — The  motor  generator  which  is  loa 
on  the  right  side  of  the  engine  is  the  principal  part  of  the  Di 
System.  This  consists  essentially  of  a  dynamo  with  two  field  tri 
ings,  and  two  windings  on  the  armature  with  two  commutatoni 
corresponding  sets  of  brushes,  in  order  that  the  machine  may  n 
both  as  a  starting  motor  and  as  a  generator  for  charging  the  bat! 
and  supplying  the  lights,  horn  and  ignition.  The  ignition  af 
ratus  is  incorporated  in  the  forward  end  of  the  motor  genera 
This  in  no  way  affects  the  working  of  the  generator,  it  h 
mounted  in  this  manner  simply  as  a  convenient  and  acoeii 
mountiiifT. 

Tlie  motor  generator  has  three  distinct  functions  to  pcrf 
wiiich  are  as  follows:  No.  1 — Motoring  the  Generator.     Na 
Cranking?  the  Engine.    No.  3 — Generating  Electrical  Energy. 

Motoring  the  (Jenerator.— ^lotoring  the  generator  is  m 
plished  when  the  ignition  button  on  the  switch  is  puUed  out.  1 
allows  current  to  come  from  the  storage  battery  through  the 
meter  on  the  combination  switeh,  causing  it  to  show  a  diadia 
The  first  reading  of  the  meter  will  be  much  more  than  the  red 
after  the  armature  is  turning  freely.  The  current  dischai^ 
through  the  aninioter  during  this  operation  is  the  current  rtffjL 
to  slowlv  revolve  the  armature  and  what  is  used  ^or  the  ifld 
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The  ignition  current  flows  only  when  the  contacts  are  closed, 
an  intermittent  current.  The  maximum  ignition  cuirent  is  ( 
when  the  circuit  is  first  closed  and  the  resistance  nnit  on  : 
end  of  the  coil  is  cold.  The  current  at  this  time  is  approi 
6  amperes,  but  soon  decreases  to  approximately  ZYz  amperei 
as  the  engine  is  running  it  further  decreases  until  at  1,000 
tions  of  the  engine  it  is  approximately  1  ampere. 
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This  motoring  of  the  generator  is  necessary  in  order  that 
starting  gears  may  be  brought  into  mesh,  and  should  trouble 
experienced  in  meshing  these  gears,  do  not  try  to  force  them,  sim 
allow  the  starting  pedal  to  come  back,  giving  the  gears  time 
change  their  relative  position. 

Generator  Clutch. — A  clicking  sound  will  be  heard  during 
motoring  of  the  generator.    This  is  caused  by  the  overrunning 
the  clutch  in  the  forward  end  of  the  generator  which  is  shown 
view  1,  Pig.  303A. 

The  purpose  of  the  generator  clutch  is  to  allow  the  armature 
revolve  at  a  higher  speed  than  the  pump  shaft  during  the  crank 
operation  and  permitting  the  pump  shaft  to  drive  the  armat 
when  the  engine  is  running  on  its  own  power.    A  spiral  gear  is 
on  the  outer  face  of  this  clutch  for  driving  the  distributor.    T 
portion  of  the  clutch  is  connected  by  an  Oldham  coupling  to 
pump  shaft.    Therefore,  its  relation  to  the  pump  shaft  is  alw 
the  same  and  does  not  throw  the  ignition  out  of  time  during 
cranking  operation.    This  clutch  receives  lubrication  from  the 
that  is  contained  in  the  front  end  of  the  generator  which  is  put 
at  B  (view  1).    This  is  to  receive  oil  each  week  sufficient  to  br 
the  oil  up  to  the  level  of  the  oiler.    The  arrangement  of  clutch  ps 
is  shown  at  Pig.  303B. 

Cranking  Operation. — The  cranking  operation  takes  place  wl 
the  starting  pedal  is  fully  depressed.    The  starting  pedal  brings 
motor  clutch  gears  (view  1)  into  mesh  and  withdraws  the  pin 
(views  1  and  2)  allowing  the  motor  brush  switch  to  make  cont 
on  the  motor  commutator.    At  the  same  time  the  generator  swi 
breaks  contact.    This  cuts  out  the  generator  element  during 
cranking  operation.    As  soon  as  the  motor  brush  makes  contact 
the  commutator  a  heavy  current  from  the  storage  battery  fl( 
through  the  series  field  winding  and  the  motor  winding  on 
armature.    This  rotates  the  armature  and  performs  the  crank 
operation.    The  cranking  circuit  is  shown  in  the  heavy  lines  on 
circuit  diagram  (Pig.  303 J).    This  cranking  operation  require 
heavy  current  from  the  storage  battery,  and  if  the  lights  are 
during  the  cranking  operation,  the  heavy  discharge  from  the  1: 
tery  causes  the  voltage  ot  the  battery  to  decrease  eivow^  \ft  ^-^ 
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the  lights  to  grow  dim.  This  is  noticed  especially  when  the  batteij 
is  nearly  discharged ;  also  will  be  more  apparent  with  a  stiff  motw 
or  with  a  loose  or  poor  connection  in  the  battery  circuit  or  a  nearly 
discharged  battery.  It  is  on  account  of  this  hea\'y  discbai^e  current 
that  the  cranking  should  not  be  continued  any  longer  thin  is  n«es- 
Bary,  altliough  a  fully  charged  battery  will  crank  the  engine  for 
several  minutes. 

During  the  cranking  operation  the  anmieter  will  show  a  di(i- 
ehat^e.     This  is  the  current  that  is  used  both  in  the  shunt  field 
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Fig.  303B. — Oeneiator    Drlviug   Clutch   Only   Trauamits  Power  Wlieii 
Engine  Speed  Is  Oteater  Than  Aimatuie  Sp«ed. 


winding  and  the  ignition  current;  the  ignition  current  being  ai 
intermittent  current  of  comparatively  low  frequency  will  cause  th< 
ammeter  to  vibrate  during  the  erankiug  operation.  If  the  lighti 
are  on  the  meter  will  show  a  heavier  discharge.  The  main  cranking 
current  is  not  conducted  through  the  ammeter,  as  this  ia  a  verj 
heavy  current  and  it  would  he  imiiossihle  to  conduct  this  heaAy  eur 
rent  through  the  ammeter  and  still  have  an  ammeter  that  ia  senBitiT< 
enough  fo  indicate  accurately  the  charging  current  and  the  cnrren 
for  lights  and  ignition.  As  soon  as  the  engine  fires  the  GtarttD] 
pedal  should  he  released  irame-A\a.te\y ,  aa  \\\ft  cit«,ianinmng  moto 
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atch  is  operating  from  the  time  the  engine  fires  until  the  starting 
strs  are  out  of  mesh.  Since  they  operate  at  a  very  high  speed,  if 
ey  are  held  in  mesh  for  any  length  of  time,  there  is  enough  friction 
this  clutch  to  cause  it  to  heat  and  burn  out  the  lubricant.  There 
no  necessity  for  holding  the  gears  in  mesh. 

Motor  Clutch. — The  motor  clutch  operates  between  the  flywheel 
id  the  armature  pinion  for  the  purpose  of  getting  a  suitable  gear 
iuetion  between  the  motor  generator  and  the  flywheel.  It  also 
events  the  armature  from  being  driven  at  an  excessively  high 
fed  daring  the  short  time  the  gears  are  meshed  after  the  engine 
running  on  its  owti  power.  This  cup  is  lubricated  by  the  grease 
p  A,  shown  in  view  1,  Fig.  303A.  This  forces  grease  through  the 
[low  shaft  to  the  inside  of  the  clutch.  This  cup  sliould  be  given 
urn  or  two  every  week. 

Generating  Electrical  Energy. — When  the  cranking  operation 
finished  the  motor  brush  switch  is  raised  off  the  commutator  by 
>  pin  P  when  the  starting  pedal  is  released.  This  throws  the 
rting  motor  out  of  action.  As  the  motor  brush  is  raised  off  the 
Dmutator  the  generator  switch  makes  contact  and  completes  the 
irging  circuit.  The  armature  is  then  driven  by  the  extension  of 
s  pamp  shaft  and  the  charging  begins.  At  speeds  above  approxi- 
tely  7  miles  per  hour  the  generator  voltage  is  higher  than  the 
tage  of  the  storage  battery  which  causes  current  to  flow  from 
}  generator  winding  through  the  armature  in  the  charge  direction 
the  storage  battery.  As  the  speed  increases  up  to  approximately 
miles  per  hour  this  charging  current  increases,  but  at  the  higher 
eds  the  chaining  current  decreases.  The  curve,  Fig.  303C,  shows 
;)roximately  the  charging  current  that  should  be  received  for 
Eerent  speeds  of  the  car.  There  will  be  slight  variations  from 
■  due  to  temperature  changes  and  conditions  of  the  battery  which 
1  amount  to  as  much  as  from  2  to  3  amperes.  The  regulation  of 
\  generator  is  explained  in  section  2. 

Lnbrication. — There  are  five  places  to  lubricate  this  Delco  Sys- 
L  No.  1 — The  grease  cup  for  lubricating  the  motor  clutch  (D, 
ir  1,  Pig.  303A).  No.  2 — Oiler  for  lubricating  the  generator 
teh  and  forward  armature  bearing  (B).  No.  3 — The  oil  hole 
I  for  lubricating  the  bearings  on  the  rear  of  the  armature  siv^iX^ 
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This  is  exposed  when  the  rear  end  cover  is  removed.  This  shou 
receive  oil  once  a  week.  No.  4 — The  oil  hole  in  the  distributor, 
A,  for  lubricating  the  top  bearing  of  the  distributor  shaft.  Tl 
should  receive  oil  once  a  week.  No.  5 — This  is  the  inside  of  t 
distributor  head.  This  should  be  lubricated  with  a  small  amou 
of  vaseline,  carefully  applied  two  or  three  times  during  the  fii 
2,000  miles  running  of  the  car,  after  which  it  will  require  no  att€ 
tion.  This  is  to  secure  a  burnished  track  for  the  rotor  brush 
the  distributor  head.  This  grease  should  be  sparingly  applied  a: 
the  head  wiped  clean  from  dust  and  dirt. 

Method  of  Current  Output  Regulation. — The  voltage  regulal 
which  has  been  previously  described  and  which  was  used  on  1 
1914  and  1915  Delco  Systems  has  been  replaced  by  a  system 
"third  brush  excitation"  in  the  1916  systems.  This  has  been  ve 
concisely  described  by  the  Delco  engineers,  and  in  order  to  ma 
for  accurate  presentation  of  fact,  the  following  descriptive  mati 
is  given  in  the  same  way  as  it  appears  in  the  Delco  instruction  boo 

There  is  really  only  one  point  in  regard  to  the  generating 
electrical  energy  which  is  difficult  to  understand,  and  the  best 
scientists  are  at  as  much  of  a  loss  on  this  point  as  the  average  el 
trician.  This  one  point  can  be  expressed  in  the  one  sentence  whi 
is  as  follows:  ** Whenever  the  strength  of  the  magnetic  field  or  1 
amount  of  magnetism  within  a  coil  is  changed  an  electro-mot 
force  is  induced  or  generated."  This  is  variously  expressed,  I 
can  be  resolved  into  the  same  sentence  as  originally  given.  One 
the  most  common  expressions  is,  **  Whenever  an  electrical  condud 
cuts  the  magnetic  field  or  cuts  magnetic  lines  of  force  an  elect 
motive  force  is  induced."  In  order  to  measure  this  electro-mot: 
force,  it  is  necessary  to  make  connection  from  each  end  of  the  c< 
ductor  to  a  suitable  meter,  by  doing  this  a  coil  would  be  form 
Therefore,  this  expression  means  nothing  different  from  the  origii 
expression.  On  account  of  being  more  readily  understood,  t 
expression  will  be  referred  to  in  connection  with  the  explanation 
the  action  of  the  generator. 

The  amount  of  the  voltage  that  is  induced  (or  generated)  in  a 
conductor  or  coil  varies  directly  with  the  rate  of  the  cutting  of  1 
magnetic  lines;  e.g.,  if  we  have  a  generator  ia  -wYa^Yv.  \)cyft  ixi'b!^ 
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field  remains  constant  and  the  generator  produces  7  volts  at  400 
R.  P.  M.,  the  voltage  at  800  R.  P.  M.  would  be  14  volts,  and  it  is  on 
account  of  the  variable  speed  of  generators  for  automobile  purposes 
that  they  must  be  equipped  with  some  means  of  regulation  for 
holding  the  voltage  very  nearly  constant.  The  regulation  of  this 
generator  is  by  what  is  known  as  third  brush  excitation,  the  theory 
of  which  is  as  follows: 

The  motor  generator  consists  essentially  of  an  iron  frame  and  a 
field  coil  with  two  windings  for  magnetizing  this  frame.  The  arma- 
ture, which  is  the  revolving  element,  has  wound  in  slots  on  its  iron 
core  a  motor  winding  and  a  generator  winding  connected  to  corre- 
sponding commutators.  Each  commutator  has  a  corresponding  set 
of  brushes  which  are  for  the  purpose  of  collecting  current  from, 
or  delivering  current  to  the  armature  windings  while  the  armature 
is  revolving. 

When  cranking,  current  from  tlie  storage  battery  flows  through 
the  motor  winding  magnetizing  the  armature  core.  This  acting 
upon  the  magnetism  of  the  frame  causes  the  turning  effort.  When 
generating  the  voltage  is  induced  in  the  generator  winding  and 
when  the  circuit  is  completed  to  the  storage  battery  this  causes  the 
charging  current  to  flow  into  the  battery.  The  brushes  are  located 
on  the  commutator  in  such  a  position  that  they  collect  the  current 
while  it  is  being  generated  in  one  direction.  (The  current  flows  one 
direction  in  a  given  coil  while  it  is  passing  under  one  pole  piece 
and  in  the  other  direction  when  passing  under  the  opposite  pole 
piece.)  When  the  ignition  button  on  the  combination  switch  is  first 
pulled  out  the  current  flows  from  the  storage  battery  through  the 
generator  armature  winding,  also  through  the  shunt  field  winding, 
This  causes  the  motoring  of  the  generator.  After  the  engine  u 
started  and  is  running  on  its  own  power  this  current  still  has  t 
tendency  to  flow  in  this  direction,  but  is  opposed  by  the  voltage 
generated.  At  very  low  speeds  a  slight  discharge  is  obtained 
At  approximately  7  miles  per  hour  the  generated  voltage  exceed 
that  of  the  battery  and  charging  commences.  As  the  speed  increase 
above  this  point  the  charging  rate  increases  as  shown  by  the  curv< 
(Fig.  303C).  The  regulation  of  this  generator  is  efiFected  by  wha 
18  known  as  third  brush  excitation. 
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e  the  magnetic  field  of  the  generator  is  produced  by  the 
in  the  shunt  field  winding  it  is  evident  that  should  the 
ield  current  decrease  as  tlie  speed  of  the  engine  increases 
ilation  would  be  affected.  In  order  to  fully  understand  this 
tion  it  must  be  borne  in  mind  that  a  current  of  electricity 
has  a  magnetic  effect  whether  this  is  desirable  or  not.  Re- 
to  Fig.  303D,  the  theory  of  this  regulation  is  as  follows: 
1  voltage  of  the  generator  is  obtained  from  the  large  brushes 
'^Cand^'D." 
I  the  magnetic 
Tom  the  pole 
N  and  S  is  not 
ed  by  any  other 
2e  each  coil  is 
ing  uniformly 
asses  under  the 
eces.  The  volt- 
)m  one  commu- 
►ar  to  the  next 
practically  uni- 
round  the  com- 
r.  Therefore, 
tage  from  brush 
rush  B  is  about 
when  tlie  total 
from  brush  C  to  brush  D  is  Qyi  volts  and  5  volts  is  applied 
shunt  field  winding.  This  5  volts  is  sufficient  to  cause  ap- 
ately  134  amperes  to  flow  in  tlie  shunt  field  winding, 
the  speed  of  the  generator  is  increased  the  voltage  increases, 
^  the  current  to  be  charged  to  the  storage  battery.  This 
ig  current  flows  through  the  armature  winding,  producing 
letic  effect  in  the  direction  of  the  arrow  B.  This  magnetic 
cts  upon  the  main  magnetic  field  which  is  in  the  direction 
arrow  A  with  the  result  that  the  magnetic  field  is  twisted 
its  original  position  in  very  much  the  same  manner  as  two 
i  of  water  coming  together  are  each  deflected  from  their 
1  directions.    This  deflection  causes  the  ma^iv^l\c,  ^^\^  \.q  \i^ 


Fig.  303D. — Diagram  Blustrating  Function  of 
Third  Brush  In  Begulating  Delco  Gener- 
ator Output. 


608 


Automobile  Repairing  Made  Easy 


strong  at  the  pole  tips,  marked  O  and  F,  and  weak  at  the  oppQa|| 
pole  tips  with  the  result  that  the  coils  generate  a  very  low  YotU|| 
while  passing  from  the  brush  C  to  the  brush  E  (the  coils  at 
time  are  under  the  pole  tips  having  a  weak  field)  and  generates 
greater  part  of  their  voltage  while  passing  from  the  brush  E  to 
The  amount  of  this  variation  depends  upon  the  speed  that 
generator  is  driven;  with  the  result  that  the  shunt  field  ci 
decreases  as  the  speed  increases  as  shown  in  the  curve. 

By  this  form  of  regulation  it  is  possible  to  get  a  high  chi 
rate  between  the  speeds  of  12  and  25  miles  per  hour,  and  it  is 
drivers  whose  average  driving  speed  comes  between  these 
that  more  trouble  is  experienced  in  keeping  the  battery  chai 
At  the  higher  speeds  the  charging  current  is  decreased.    The 
who  drives  his  car  at  the  higher  speeds  requires  less  current,  as 
rience  has  taught  that  this  type  of  driver  makes  fewer  stop* 
proportion  to  the  amount  the  car  is  driven  than  the  slower  drii 
The  output  of  these  generators  can  be  increased  or  decreased 
changing  the  position  of  the  regulating  brush.    Each,  time  the 
tion  of  the  brush  is  changed  it  is  necessary  to  sandpaper  the  bi 
so  that  it  fits  the  commutator.    Otherwise  the  charging  rate  will 
very  low  due  to  the  poor  contact  of  the  brush.    This  should  notj 
attempted  by  any  one  except  competent  mechanics,  and  this 
ing  current  should  be  carefully  checked  and  in  no  case  should 
maximum  current  on  this  generator  exceed  22  amperes. 
careful  watch  should  be  kept  on  any  machine  on  which  the  cl 
rate  has  been  increased  to  see  that  the  commutator  is  not 
overloaded.    Considerable  variation  in  the  output  of  different 
erators  will  be  obtained  from  the  curve  shown,  as  the  output  of] 
generator  is  affected  by  temperature  and  battery  conditions. 

Condenser. — The  condenser  consists  of  two  long  strips  of 
tinfoil  insulated  from  each  other  by  paraffined  or  oiled  paper,^ 
connected  as  shown  in  Fig.  303E.    The  condenser  has  the 
of  being  able  to  hold  a  certain  quantity  of  electrical  energfgl 
like  the  storage  battery,  will  discharge  this  energy  if  there 
circuit  between  its  terminal.    As  the  distributor  contacts 
magnetism  commences  to  die  out  of  the  iron  core,  this  in< 
voltage  in  both  the  primary  and  secondary  windings  of  th*- 
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%d  voltage  in  the  primary  winding  amounts  to  from  100 
Its.  This  charges  the  condenser  which  inmiediately  dis- 
ielf  through  the  primary  winding  of  the  ooil  in  the  reverse 
from  which  the  ignition  current  originally  flows.  This 
of  the  condenser  causes  the  iron  core  of  the  coil  to  be 
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emagnetized  and  remagnetized  in  the  reverse  direction, 
esolt  that  the  change  of  magnetism  within  the  secondary 
<  very  rapid,  thus  producing  a  high  voltage  in  the  second- 
og  which  is  necessary  for  ignition  purposes.    In  addition 

demagnetizing  the  coil  the  condenser  prevents  sparkii^ 
laker  contacts — thus  it  is  evident  that  the  action  of  the 

can  very  seriously  affect  the  amount  of  the  spark  from 
spy  winding  and  the  amount  of  sparking  obtained  at  the 
:acts. 
m  Ooil. — This  is  sometimes  mounted  on  top  of  the  motor 

and  is  what  is  generally  known  as  the  ignition  trans- 
IL  In  addition  to  being  a  plain  transformer  coil  it  has 
ed  in  it  a  condenser  (which  is  necessary  for  all  M^b. 
nition  systems)  and  has  included  on  the  re&T  eii&.  eu 
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ignition  K'sistaiiw  mat. 
0,  jiuiuK'i'  of  siiiJiU  ii'i 
from  it  is  tlip  prinmrj 
the  different  parts  m\- 
in  supplied  tlirouyili  lli 
coil,  tlii'ongli  till'  pritii;; 
is  very  plainly  shown  i 
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.iiuu  and  horn  in  excess  of  tlie  amoUDt  that  is  being  gen- 
.  iiiiiiiii'tor  will  show  a  discharge  as  the  excess  current 
■;iiiiiged  from  the  battery,  but  at  all  ordinary  speeds  the 
..  read  charge.  The  charging  rate  for  different  ear 
."  <'iirrent  is  being  used  for  lights  or  horn,  is  given 
_  i.K.  303C. 
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it  to  coutiDue  to  operate.  In  case  the  circuit  breaker  vibrate 
peatedly,  do  not  attempt  to  increase  the  tension  of  the  sprin 
the  vibration  is  an  indication  of  a  ground  in  the  system.  Re: 
the  ground  and  the  vibration  will  stop. 

The  Ammeter. — The  ammeter  on  the  right  side  of  the  com 
tion  switch  is  to  indicate  the  current  that  is  going  to  or  co 


from  the  storage  battery,  with  the  exception  of  the  cranking  cm 
When  the  engine  is  not  running  and  current  is  being  used  for  I 
the  ammeter  shows  the  amount  of  current  that  is  being  used  an 
ammeter  hand  points  to  the  discharge  side,  as  the  current  is ' 
discharged  from  the  battery.  When  the  engine  is  nuining  i 
generating  speeds  and  no  current  is  being  used  for  l^hts  or 
the  ammeter  will  show  charge.  This  is  the  amount  of  correBl 
ia  being  charged  into  the  battery.    If  current  is  bang  u> 
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lights,  ignition  and  horn  in  excess  of  the  amount  that  is  heing  ge 
crated,  the  ammeter  will  show  a  discharge  as  the  excess  curre 
must  be  discharged  from  the  battery,  but  at  all  ordinary  speeds  tl 
ammeter  will  read  charge.  The  charging  rate  for  different  c 
speeds  when  no  current  is  being  used  for  lights  or  horn,  is  givt 
in  the  curve,  Fig.  303C. 

Construction  of  Delco  Ignition  Diitribator. — It  is  well  imdc 
fstood  that  a  rich  mixture  burns  quicker  than  a  lean  one.  For  tti 
reason  the  engine  will 
stand  more  advance 
with  a  half  open  throt- 
tle than  with  a  wide 
open  throttle,  and  in 
order  to  secure  the 
proper  timing  of  the 
ignition  due  to  these 
Tariationa  and  to  re- 
tard the  spark  for 
starting,  idling  and 
carburetor  adjusting, 
the  Deleo  distributor 
also  has  a  manual  con- 
trol. The  automatic 
feature  of  this  distribu- 
tor is  shown  in  Fig. 
303  H.  With  the  spark 
lever  set  at  the  running 
position  on  the  steer- 
ing wheel  (which  is 
nearly  all  the  way 
down  on  the  quad- 
rant), the  automatic 
feature  gives  the 
proper  spark  for  all 
speeds  excepting  a 
wide  open  throttle  at  low  speeds,  at  which  time  the  spark  lev 
should  be  slightly  retarded.     When  the  ignition,  ia  loo  1«  ^ 


Tig.  303H. — Sbowlng  Ooutiiictlon  of  19: 
Delco  Distributor  for  Six  OyUiulor  Igi 
tton.    Note  Six  Lolw  0am. 


614  Automobile  Repairing  Made  Etuy 


Deico  S/jstem  Parts  61 

vanced  it  causes  loss  of  power  and  a  knocking  sound  within  tl 
engine.    With  too  late  a  spark  there  is  a  loss  of  power  (which 
usually  not  noticed  excepting  by  an  experienced  driver  or  one  vei 
familiar  with  the  car),  and  heating  of  the  engine  and  excessr 
consumption  of  fuel  is  the  result.     The  timer  contacts  shown 
D  and  C  (Fig.  30311)  are  two  of  the  most  important  points 
an  automobile.    Very  little  attention  will  keep  these  in  perfect  co 
dition.     These  are  tungsten  metal,  which  is  extremely  hard  ai 
requires  a  very  high  temperature  to  melt.     Under  normal  cone 
tions  they  wear  or  burn  very  slightly  and  will  very  seldom  reqiii 
attention;  but  in  the  event  of  abnormal  voltage,  sucli  as  would 
obtained  by  running  with  the  battery  removed,  or  with  the  igniti< 
resistance  unit  shorted  out,  or  with  a  defective  condenser,  tliese  co 
tacts  burn  very  rapidly  and  in  a  short  time  will  cause  serious  igi 
tion  trouble.     The  car  should*  not  be  ODcrated  wdth  the  batte; 
removed. 

It  is  a  very  easy  matter  to  check  the  resistance  unit  by  observii 
its  heating  when  the  ignition  button-  is  out  and  the  contacts  in  t 
distributor  are  closed.  If  it  is  shorted  out  it  will  not  heat  up,  ai 
will  cause  missing  at  low  speeds.  A  defective  condenser  such 
will  cause  contact  trouble  will  cause  serious  missing  of  the  ignitic 
Therefore,  any  one  of  these  troubles  are  comparatively  easy 
locate  and  should  be  immediately  remedied.  These  contacts  shou 
be  so  adjusted  that  when  the  fiber  block  B  is  on  top  of  one  of  t 
lobes  of  the  cam  the  contacts  are  opened  the  thickness  of  the  gau 
on  the  distributor  wrench.  Adjust  contacts  by  turning  conts 
screw  C  and  lock  with  nut  N.  The  contacts  should  be  dressed  wi 
fine  emery  cloth  so  that  they  meet  squarely  across  the  entire  fa< 
The  rotor  distributes  the  high  tension  current  from  the  center 
the  distributor  to  the  proper  cylinder.  Care  must  be  taken  to  £ 
that  the  distributor  head*  is  properly  located,  otherwise,  the  rot 
brush  will  not  be  in  contact  with  the  terminal  at  the  time  the  spa 
occurs. 

Combination  Switch. — The  combination  switch  is  located  on  t 
cowl  board  and  makes  the  necessary  connections  for  ignition  ai 
lights.  The  **M"  button  controls  the  magneto  type  ignition  a 
the  '*B'*  button,  the  dry  battery  ignition.    In  addition  to  tlu^  he 
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the  '*M'*  and  **B**  buttons  control  the  circuit  between  the  generat 
and  storage  battery.  When  the  circuit  between  the  generator  a] 
the  storage  battery  is  closed  by  either  the  **M"  or  **B"  butt< 
on  the  combination  switch,  the  direction  of  flow  of  the  current 
from  the  battery  to  the  generator  when  the  engine  is  not  runnir 
as  well  as  when  it  is  running  below  300  R.  P.  M.  But  the  amou 
of  current  that  flows  from  the  battery  at  the  lowest  possible  engi 
[■  speeds  is  so  small  that  it  is  negligible.  That  used  on  Buick  19 
cars  is  shown  at  Fig.  303G,  the  type  supplied  on  1916  cars  is  oi 
lined  at  Fig.  303F. 

To  Time  the  Ignition. — 1.  Fully  retard  the  spark  lever. 
Turn  the  engine  to  mark  on  flywheel  about  one  inch  past  de 
center  to  the  '*7  degree"  line,  with  No.  1  cylinder  on  the  firi: 
stroke.  3.  Loosen  screw  in  center  of  timing  mechanism  and  loci 
^  the  proper  lobe  of  the  cam  by  turning  until  the  button  on  the  rot 
'  comes  under  the  high  tension  terminal  for  No.  1  cylinder.  4.  S 
-  this  lobe  of  the  cam  so  that  when  the  back  lash  in  the  distribut 
J  gears  is  rocked  forward  the  timing  contacts  will  be  open,  and  wh 
f  the  back  lash  is  rocked  backward  the  contacts  WILL  JUST  CLOS 
Tighten  screw  and  replace  rotor  and  distributor  head. 

Hints  for  Locating  Trouble. — 1.  If  starter,  lights  and  horn  i 
fail,  the  trouble  is  in  the  storage  battery  or  its  connections,  su 
as  a  loose  or  corroded  connection  or  a  broken  battery  jar.  2.  If  t 
lights,  horn  and  ignition  are  all  O.  K.,  but  the  starter  fails  to  crar 
the  trouble  is  in  the  motor  generator,  such  as  dirt  or  grease  on  t 
motor  commutator,  or  the  motor  brush  not  dropping  on  the  co; 
mutator.  3.  If  the  starter  fails  to  crank  or  cranks  very  slowly,  ai 
the  lights  go  out  or  get  very  dim  while  cranking,  it  indicates 
loose  or  corroded  connection  on  the  storage  batter^',  or  a  near 
depleted  storage  battery.  4.  If  the  motor  fires  properly  on  t 
\  **M"  button,  but  not  on  the  **B"  button,  the  trouble  must  be 
the  wiring  between  the  dry  cells  or  the  wires  leading  from  the  d 
cells  to  the  combination  switeli,  or  depletcnl  dry  colls.  If  the  igi 
tion  works  0.  K.  on  the  **B''  button  and  not  on  the  ''^V  buttc 
the  trouble  must  be  in  the  loads  running  from  the  storage  batt^' 
to  the  motor  generator,  or  the  lead  running  from  tlie  rear  terniii 
on  the  generator  to  the  combination  switch,  or  in  the  stora^o  bwlt.^; 
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itself,  or  its  connection  to  the  frame  of  the  car.  5.  If  Jboth  systei 
of  ignition  fail,  and  the  supply  of  current  from  both  the  stora 
battery  and  dry  cells  is  O.  K.,  the  trouble  must  be  in  the  cc 
resistance  unit,  timer  contacts  or  condenser.    This  is  apparent  f  re 

I    the  fact  that  these  work  in  the  same  capacity  for  each  system 

r     Ignition^ 

[  Never  run  the  car  with  the  storage  battery  disconnected, 

y     while  it  is  off  the  car.    Very  serious  damage  to  the  motor-general 

^    may  result  fram  s^uch  actian. 

Never  remove  any  electrical  apparatus  from  the  car  or  ma 
any  adjustments  without  first  disconnecting  the  storage  battel 
This  can  be  done  most  conveniently  by  removing  the  ground  cc 
section.  Remember,  a  loose,  corroded  or  dirty  connection  on  t 
battery  can  put  both  starting  and  lighting  systems  out  of  comm 
tion. 

Bijnr-Packard  System. — The  self-starting  and  lighting  syste 
Pig.  302,  used  on  the  Packard,  is  manufactured  by  the  Bijur  M 
tor  Lighting  Co.    In  this  system  the  starting  motor  and  generat 

f   are  separate  units.  .  The  starting  circuit  is  simple,  consisting  of 

^    motor  connected  directly  to  the  battery  and  operated  by  closing 

^.    starting  switch. 

In  the  generator  circuit  the  principal  parts  are :  The  generate 
an  automatic  switch  for  breaking  the  circuit  when  the  speed  of  t 
generator  becomes  so  low  that  the  battery  current  would  dischar 
through  it,  and  a  voltage  regulator  of  the  vibrator  type.  A  stu( 
of  the  wiring  diagram  shows  that  the  automatic  switch  has  t^ 
coils,  a  voltage  coil  of  high  resistance  connected  across  the  wii 
leading  to  the  battery  and  a  current  coil  in  series  with  the  genei 
tor  and  battery.  The  action  of  this  coil  is  such  that  as  the  am 
ture  speed  increases  and  the  voltage  becomes  greater,  the  magn( 
ism  generated  in  this  coil  attracts  a  small  steel  arm,  thus  completi: 
circuit  between  the  battery  and  the  generator.  Current  then  flo 
to  the  battery  and  lights. 

On  the  other  hand,  as  the  speed  of  the  generator  decreases, 
voltage  becomes  less  and  finally  a  point  is  reached  where  the  ci 
rent  begins  to  flow  back  into  the  generator.    This  reversal  of  fl< 
piroduces  a  magnetic  field  in  the  series  coil  of  the  cwlowt  \sVo 
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opposes  the  field  produced  by  the  voltage  coil,  until  finally  th( 
traction  of  the  iutter  for  the  steel  arm  that  completes  the  cireu 
entirely  overcome  and  then  the  arm,  impelled  by  a  spring,  br 
contact. 

The  voltage  regulator  operates  on  the  vibrator  principle,  ai 
designed  so  that  when  tlio  voltage  becomes  higher  than  the  predi 
mined  amount  the  vibrator  throws  a  resistance  into  circuit  tha 
duces  the  amount  of  current  flo^ving  through  the  field.  Thii 
minishes  the  voltage.  When  the  voltage  becomes  too  low,  the  vi 
tor  flies  back  again  and  allows  full  current  to  pass  through  the 
once  more.  The  movement  of  this  vibrator  is  extremely  w 
making  about  150  oscillations  per  second,  so  that  in  actual  i 
tice,  no  change  in  voltage,  in  one  direction  or  the  other,  is  notice 

Now  looking  at  the  diagram,  it  is  seen  that  this  regulator 
sists'of  a  vibrating  arm  which  is  actuated  by  an  electro-magnet 
nected  across  the  mains  running  from  the  generator.  When 
arm  is  not  attracted  by  the  magnet,  full  field  current  is  allowc 
flow  through  wire  A  from  one  generator  lead  up  through  the  si 
field  to  the  other  lead  of  the  generator,  thus  full  field  strengi 
obtained  and  a  rising  voltage  is  generated,  which  finally  causef 
magnet  coil  to  pull  this  arm  out  of  contact,  thus  breaking  the 
cuit.  When  this  occurs,  the  current  must  flow  to  the  field  thrc 
the  resistance  B,  and  this  resistance  reduces  the  flow  of  the  cur 
and  weakens  the  field  so  that  the  generated  voltage  drops.  ' 
reduction  in  voltage  causes  a  smaller  current  to  flow  through 
magnet  winding  and  then  the  attraction  of  the  magnet  weal 
allowing  the  arm  to  fly  back,  thus  enabling  full  current  to 
through  the  field  again.  This  cycle  is  repeated  150  times  a  sec 
Special  provision  has  been  made  so  that  the  contact  points  od 
regulator  will  not  burn  away. 

There  is  nothing  unusual  in  the  wiring,  which  may  be  ei 
followed  from  the  diagram. 

Hartford  Starting  System.— The  wiring  diagram  at  Fig. 
shows  clearly  the  metliod  of  connecting  the  various  applia 
forming  part  of  the  Hartford  starting  and  lighting  system. 
is  a  12  volt,  two  wire  starting  system,  with'  a  connection  so 
lamps  receive  their  current  from  the  battery  on  the  three  wire 
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tern.    The  two  terminals  of  the  generator  are  connected  to  the  stor 

age  battery  in  the  usual  way,  one  directly  to  a  terminal,  the  othe 

through  the  automatic  cutout.    When  the  knife-switch  is  closed,  th 

Iwittery  current  flows  through  the  motor  windings  and  turns  th 

engine  crankshaft.     The  connections  are  so  clearly  shown  tha 

farther  description  is  unnecessary.     The  speed  of  the  generato: 

irmature  is  governed  by  the  centrifugal  governor,  which  is  de 

signed  to  keep  it  at  1200  revolutions  per  minute.     The  lightinf 

switch  is  of  the  selective  barrel  type,  having  three  positions  of  th< 

handle,  one  of  which  will  give  the  head  and  rear  lamps,  the  inter 

mediate  position  lighting  the  side  and  rear,  while  the  last  positioi 

sends  the  current  through  all  the  lamps.    This  switch  is  not  showi 

in  the  diagram. 
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Fig.  304. — ^Wiring  Diagram  of  Hartford  12  Volt  Starting  System,  Having 
Three-Wire  Method  of  Supplying  Current  to  6  Volt  Lamps. 


The  Auto-Lite  System. — The  1915  Overland  cars  use  the  Autc 
Lite  system,  which  is  shown  at  Pig.  305,  A.  This  is  a  six  volt,  thre 
unit  system,  operating  on  the  one  wire  principle.  The  ignitio: 
function  is  performed  by  an  entirely  distinct  appliance  from  th 
starting  and  lighting  systems,  namely,  a  high  tension  magnet( 
Five  wires  run  from  this  magneto,  four  of  these  running  the  spar 
plugs,  one  for  inteiTupting  the  ignition  through  a  fuse  hox  to  th 
controlling  switch.  The  generator  is  driven  from  the  motor  cranl 
shaft  by  a  silent  chain.  The  starting  motor,  which  has  the  switc 
mounted  integrally,  turns  the  engine  crankshaft  through  a  gear  cii 
on  the  flyivheel  rim.    One  of  the  wires  of  the  generator  is  ^roviudec 
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emaining  wire  leading  from  that  device  runs  through  the  cir- 
breaker  and  from  that  member  through  the  fuse  box  and 
fh  to  the  storage  battery.     Two  wires  run  from  the  six  volt 
TV,  one  of  these  terminating  on  a  switch  terminal  of  the  start- 
motor  wliile  the  other  attaches  to  one  of  the  motor  terminals, 
remaining  motor  terminal  is  grounded.     The  various  appli- 
s  comprising  this  system  are  all  clearly  shown,  and  the  wiring 
be  easily  traced  from  the  various  units  through  the  fuse  box 
switch  by  careful  study  of  tlie  diagram.    In-order  to  simplify 
iig,  the  wires  going  to  tlie  switch  are  all  colored  differently, 
insures  that  they  will  be  replaced  on  the  proper  terminals  if 
nod. 

"he  storage  battery  used  with  this  system  is  shown  at  Fig.  305, 
It  is  a  special  form,  in  which  the  three  cells  are  placed  end  to 
instead  of  side  by  side,  making  a  long,  narrow  battery  instead 
le  usual  construction,  which  is  approximately  square.  The  con- 
ftion  of  the  circuit  breaker  is  shown  at  C,  the  contact  points, 
:h  are  the  only  parts  needing  attention,  being  clearly  outlined, 
generator,  which  is  a  very  simple  device,  is  showTi  at  B,  the 
ts  requiring  lubrication,  and  the  removable  plates  for  inspec- 
of  the  brushes  are  clearly  depicted.  The  starting  motor  is 
rn  at  E,  the  pinion  which  engages  the  gear  on  the  flywheel  is 
;n  mounted  on  the  armature  shaft,  and  the  cover,  which  nor- 
y  cijvers  the  brush  end  of  the  motor,  is  removed  in  order  to 
i  the  method  of  reaching  the  motor  brushes  when  these  members 
I  attention. 

}ray  &  Davis  System. — The  starting  and  lighting  etiuipment 
:  on  the  Model  79,  1014  Overland,  is  the  Gray  &  Davis  system, 
ni  at  Fig.  306,  and  comprises  three  principal  units: 
I — The  generator  which  produces  the  current  and  drlivers  it  to 
lamps  and  storajrc  battery. 

) — The  storage  battery  which  accumulates  the  current  tluis  gen- 
ed  and  delivers  it  to  the  lighting  system  or  the  starting  motor, 
ccasion  demands. 

• — The  starting  motor,  wliich  r<»ceives  current  from  tiw  storage 
ery  and  revolves  the  engine  whenever  it  is  to  be  set  in  motion. 
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rig.  305. — Complete  WiiitiB  Diagram  of  SUiUog  utd  Ufhtlng 
Used  on  1915  Overland  AntomobllM  at  A,  Fait  BecUonal  ^ 
Storage  Batterer  at  B,  DeBign  of  Clrcnlt  Bnaksr  Shown  at 
temal  View  of  Qenerator  at  D,  and  Stutliig  Motor  Ooul 
at  E. 
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Besides  these  three  principal  units  the  system  includes  the  fol- 
ding auxiliary  apparatus : 

d — An  automatic  cutout,  whose  function  is  to  disconnect  the 
?nerator  from  the  storage  battery  when  the  engine  is  stopped  or 
inning  below  the  speed  at  which  the  generator's  voltage  is  high 
lough  to  charge  the  battery.  The  cutout  is  located  on  the  engine 
de  of  the  dash. 

e — The  starting  switch,  which  is  a  pedal-button  located  in  the 
>or  board  of  the  car  convenient  to  the  foot  of  the  operator. 

f — The  ammeter,  whose  purpose  is  to  show  whether  the  system 

working  properly  or  not.  When  the  dynamo  is  running  and 
nding  current  to  the  storage  battery  the  ammeter  hand  will  point 
►  the  right  of  zero  or  at  ** charge."  When  the  lights  are  burning 
•  the  starter  motor  is  running,  this  hand  will  point  to  the  left  of 
TO  or  at  ** discharge,''  thus  indicating  the  rate  at  which  current 
going  out  of  the  storage  battery. 

The  speed  of  the  generator  is  controlled  by  an  automatic  clutch 
at  is  so  designed  that,  no  matter  how  fast  the  engine  runs,  the 
nerator  will  not  be  driven  faster  than  a  certain  predetermined 
»eed  which  corresponds  to  that  at  which  the  engine  runs  when 
•iving  the  car  at  12  miles  per  hour  on  high  gear,  but,  of  course,  if 
e  engine  drops  below  this  speed  the  generator  will  also.  This  is 
me  by  means  of  a  centrifugal  governor  which  regulates  the  slip- 
ige  of  the  clutch  so  that  the  generator  cannot  be  driven  faster 
an  the  predetermined  speed,  the  greater  the  speed  of  the  engine 
e  more  the  clutch  slips. 

The  current  load  is  automatically  taken  care  of  by  a  compound 
inding  on  the  generator.  Tlie  starting  motor  is  a  series  wound 
achine,  that  is,  the  entire  armature  current  passes  through  the 
Id.  The  motor  is  provided  with  an  over-running  clutch,  which 
lows  it  to  drive  the  engine  but  automatically  disengages  when 
e  engine  starts  so  tliat  the  engine  will  not  drive  tlie  motor.  If 
cli  a  device  were  not  fitted  the  generator  might  l)e  injured  by  the 
otor  driving  it  at  too  hi^h  a  sjx'efl. 

As  already  explained,  the  function  of  the  automatic  cutout  is 

disconnect  the  generator  from  the  battery  wiien  the  enjrine  is 
3pped  or  turning  so  slowly  that  its  voltage  is  below  that  of  the 
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vrire  A  to  one  terminal  of  the  starting  motor,  where  it  goes  to  t 
frame  through  the  ground  wire  Z.  From  thence  it  runs  to  t 
lamps.  From  the  lamps  the  current  passes  to  the  junction  8wit< 
where  all  the  lamp  terminals  are  connected  to  the  terminal  P,  a 
from  here  the  current  flows  through  the  series  field  of  the  gene: 
tor  and  on  out  through  wire  F  to  a  terminal  on  the  cutout,  a 
from  thence  to  the  ammeter  over  the  short  wire  E.  From  the  a 
meter  it  goes  via  wire  D  to  a  binding  post  on  the  starting  8wit( 
from  which  it  connects  with  the  other  pole  of  the  battery  by  w 
C.  At  or  over  12  miles  per  hour  the  cutout  contact  points  are  clos 
as  previously  described.  Current  is  then  supplied  to  the  store 
battery  if  it  needs  charging  and  also  to  any  of  the  lamps  that  are 
circuit. 

If  the  battery  needs  recharging  it  is  of  course  below  the  volti 
of  tlie  generator  and  therefore  current  will  flow  to  it  until  its  v( 
age  becomes  equal  to  that  of  the  generator,  w-hen  the  flow  will  au 
matically  stop  because  the  electrical  pressure  at  the  two  points 
the  same.  The  current  passes  from  the  positive  terminal  of  1 
generator  through  wire  6  to  the  series  coil  of  the  cutout  and  fr 
thence  through  wire  Y  to  the  frame.  It  flows  through  tlie  fra 
up  through  wire  Z  to  one  terminal  on  the  motor  and  from  thei 
through  w^ire  A  to  the  plus  pole  of  the  battery.  The  return  circ 
is  through  wires  C  and  D  to  tlie  ammeter  and  from  thence  throi] 
wires  E  and  F  back  to  the  generator.  The  flow  of  current  from 
generator  to  the  lamps  is  as  follows :  Through  wire  G  and  the  sei 
coil  of  the  cutout  and  wire  Y  to  the  frame.  This  part  of  the  ( 
cuit  is  identical  with  that  for  charging  the  storage  battery.  Tl 
the  current  goes  through  the  frame  and  up  through  the  grou 
wires  to  the  lamps,  from  whence  it  passes  to  the  terminals  on 
junction  switch  and  on  through  wire  P  to  the  generator.  It  \ 
be  noted  that  the  generator  and  battery  circuits  to  the  lamps  ; 
independent,  so  that  should  anything  happen  to  the  battery, 
liglitfi  could  be  operated  by  the  generator  alone.  Diagrams  of  Gi 
&  Davis  1915  systems  will  be  found  on  folding  plate,  Fig.  307, 
both  non-technical  and  technical  form. 

A  number  of  parts  comprising  the  1915  Gray  &  Davis  start 
system  is  shown  at  Figs.  308  and  309.     The  construction  oC 
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Fig.  308.— starting  Motor  and  Switch  DetaUi  ITMd  In  UU 
Gray  &  Davla  Starting  Syston. 
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'pe  T  motor  used  in  connection  with  engines  of  the  open  flywheel 
^pe  is  clearly  shown  in  the  part  sectional  view  at  the  top  of  the 
lustration.  As  the  Gray  &  Davis  systems  may  be  had  in  either 
le  one  wire  or  two  wire  type,  two  forms  of  switch  are  provided. 
ne  of  these,  which  is  shown  at  B,  Fig.  308,  is  used  in  a  two  wire 
'Stem  and  has  both  terminals  insulated.  This  must  be  wired  up  as 
lown  at  E.  The  hea\y  leads  from  the  storage  battery  are  con- 
3cted  as  indicated.  One  of  the  storage  battery  terminals  is  con- 
?cted  to  the  terminal  on  the  starting  motor,  while  the  other  start- 
g  motor  terminal  wire  goes  to  one  of  the  insulated  switch  termi- 
ils.  The  other  insulated  switch  terminal  is  connected  directly  to 
le  remaining  storage  battery  terminal.  When  used  in  connection 
ith  the  one  wire  system  the  starting  switch  has  one  terminal 
•ounded,  as  shown  at  C. 

The  approved  arrangement  of  the  starting  switch  is  as  depicted 

the  top  of  the  illustration,  in  which  the  contact  is  not  estab- 
(hed  until  the  sliding  pinion  has  been  meshed  with  the  gear  of 
e  flywheel.  The  construction  of  the  overrunning  clutch  used  with 
e  Gray  &  Davis  system  is  shown  at  D.    This  functions  the  same 

the  overrunning  clutch  previously  described,  the  drive  being  se- 
ired  between  the  member  4,  which  is  keyed  to  the  intermediate 
aft,  and  the  reduction  gear  2,  which  is  turned  by  the  motor  pin- 
a  1  through  the  medium  of  the  clutch  rolls  3.  Light  coil  springs 
e  employed  to  push  plungers,  designed  to  make  more  positive  the 
igagement  of  the  rolls  of  the  overrunning  clutch. 

The  fuse  block,  which  is  an  important  adjunct  of  the  one  wire 
stem,  is  combined  at  the  rear  of  the  lighting  switch,  as  sho\^Ti  at 
,  Fig.  309.  The  function  of  the  fuse  is  to  burn  out  should  an 
erload  occur  in  any  circuit  due  to  damaged  insulation.  The 
ises  are  readily  renewable,  these  being  shown  at  D.  The  fuse  con- 
$ts  of  a  glass  tube,  which  contains  a  piece  of  fusible  alloy  wire 
at  joins  two  metal  caps,  these  cai)s  being  used  to  establish  con- 
ct  with  the  clips  on  the  sides  of  the  connectors  at  the  back  of  the 
ritch.  The  fuses  should  be  handled  carefully,  and  in  removing 
me  for  examination  it  is  well  to  do  tliis  with  a  sharp  piece  of 
)od,  which  is  used  as  a  pry  back  of  the  fuse  instead  of  attempting 

remove  them  with  pliers  or  a  screwdriver,  \\\\U'\\  \\\^^  W^^N\v\ 
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8  or  otherwise  damage  the  fuse.    An  important  adjunct  to  assist 
oeating  trouble  is  a  six  volt  lamp,  sueli  as  shown  at  C.    This  is. 
naterial  assistance  in  tracing  circuits. 
The  latest  form  of  Gray  &  Davis  dynamo,  which  dispenses  witli 

centrifugal  governor  used  on  the  other  tyi)es  illustrated,  is 
wn  at  D,  supplied  for  direct  drive  by  an  extension  of  the  timing 
r  shaft  and  for  chain  drive  at  E.  The  dynamo  shown  at  D 
)rovided  with  gearing  to  drive  a  timer  distributor  for  ignition 
poses.  The  current  supply  is  governed  by  the  regulator  cut- 
,  which  performs  two  duties  in  tlie  new  systems.  One  of  these 
0  regulate  the  dynamo  to  secure  uniform  current  output,  while 
the  other  instance  it  connects  the  dynamo  into  the  system  only 
?ii  sufficient  current  is  generated  to  charge  the  battery.  Cur- 
t  rc»gulation  is  i)rovided  by  short  circuiting  or  shunting  field  re- 
ances  or  to  insert  the  field  resistances  into  the  field  circuit.  The 
Bct  of  the  field  resistance  is  to  retard  ihe  flow  of  current  in  those 
idings.  When  the  dynamo  is  at  rest  the  cutout  points  are  opened 
Ithe  regulator  points  closed.  As  the  dynamo  first  si)eeds  up  the 
nlator  points  remain  closed  and  the  field  resistance  is  short  cir- 
ted.  This  permits  the  dynamo  to  build  up  its  full  field  strength. 
«n  the  proper  voltage  is  reached  the  cutout  points  close,  permit- 
f  current  to  flow  through  the  series  winding  to  the  system.  As 
dynamo  speed  increases  beyond  that  necessary  for  full  output, 

pull  of  the  shunt  winding  attracts  the  regulator  armature. 
is  reduces  the  pressure  at  the  regulator  points  and  inserts  a  re- 
ince  into  the  field  circuit,  this  preventing  further  increase  of 
put.  The  frequency  with  which  the  resistance  is  put  into  the 
rait  is  in  proportion  with  the  amount  of  speed  variation.  The 
D  of  battery  used  with  the  Gray  &  Davis  system  is  shown  in 
t  section  at  P,  Pig.  309.  It  does  not  differ  materially  in  struc- 
t  from  types  previously  described. 

Locating  Troubles  in  Gray  &  Davis  System. — In  event  of  trou- 
vith  the  Gray  &  Davis  lighting  system,  the  makers  recommend 
areful  study  of  the  symptoms,  which  will  usually  provide  ji 
de  to  find  the  component  at  fault.  The  indicator  on  the  dash 
VTB  positively  any  failure  of  the  gc^nerator  or  any  break  in  the 
ing.    If  the  indicator  does  not  indicate  ''charge"  w\\ei\  Wv^  vivi- 
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gine  is  speeded  up  but  shows  ** discharge"  when  lights  are 
on  and  tlie  engine  at  rest,  the  dynamo  or  current  regulate 
working  properly.  A  common  trouble  is  the  dynamo  bnu 
sliding  freely  in  their  holders.  If  the  dynamo  is  driven  by 
belt  this  may  be  too  loose  to  drive  the  dynamo  at  propei 
If  the  indicator  does  not  indicate  '^ charge"  with  the  engine 
up  and  does  not  indicate  'discharge"  with  the  lights  on  : 
engine  at  rest,  one  should  look  for  an  open  circuit  or  loc 
nection  in  the  battery  wiring  or  for  corrosion  or  looseness 
storage  battery  terminals.  Sometimes  the  dynamo  termini 
have  loosened  and  imperfect  contact  exist  at  this  point.  She 
indicator  show  ** discharge"  with  the  lights  turned  off  and 
at  rest  (providing  that  the  indicator  pointer  is  not  bent), 
sulation  on  lamp  wires  may  be  injured,  this  permitting  cont^ 
the  frame,  causing  a  short  circuit.  If  the  indicator  ii 
"charge"  with  the  engine  at  rest,  it  is  a  positive  indication  1 
pointer  is  bent. 

If  the  charge  indications  are  below  normal  with  the  engi 
ning,  it  may  be  on  account  of  slipping  of  the  driving  beli 
dynamo  is  driven  in  that  manner,  or  because  of  poor  adjust) 
the  centrifugal  governor,  if  that  type  of  dynamo  is  used, 
ammeter  ^'discharge"  indications  are  above  normal  it  is 
that  the  lamp  load  is  excessive  or  one  of  the  lamp  wires  is 
tact  with  the  frame.  When  the  indicator  pointer  jerks  fr 
reading  to  another  with  engine  running  at  constant  speed 
discharge  scale,  it  means  either  a  short  circuit  in  the  syste 
loose  terminal.  If  trouble  is  experienced  from  fuses  bum 
repeatedly,  it  is  a  sign  that  the  lamp  wires  are  in  contact  v 
frame  at  some  point  or  that  one  of  the  lamps  is  defective 
of  a  short  circuited  filament.  If  the  engine  cranking  speed 
low  and  this  is  not  due  to  the  engine  being  stiff,  such  as  w 
the  case  in  cold  weather  or  after  the  engine  has  been  ove: 
and  bearings  tightened,  it  may  be  considered  a  positive  in< 
that  the  storage  battery  is  almost  discharged  or  that  it  is  d 
in  Some  way.  If  the  starting  motor  does  not  rotate;  the 
may  be  discharged,  the  starting  switch  may  not  be  makii 
coDtuct  or  a  motor  brush  ii\ay  not  make  good  contact  with  t 
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tator.  There  may  be  an  open  circuit  in  the  battery  wiring  to 
t  motor,  or  there  may  be  a  poor  circuit  or  contact  because  of  cor- 
ied  battery  terminals.  If  the  starting  motor  rotates  but  does 
i  erank  the  engine,  it  is  a  sign  that  the  overrunning  clutch  does 
t  work  properly  or  that  the  starter  pinion  is  not  properly  meshed 
th  the  flywheel  gear. 

If  the  lamps  will  not  liglit  but  the  starter  cranks  the  engine, 
■  shows  that  the  storage  battery  is  in  proper  condition  and  that 
J  trouble  is  due  to  burned  out  or  broken  lamp  filament  or  de- 
stive  lamp  fuses.  If  the  lamps  burn  brightly  but  fail  to  illumi- 
te  the  road  sufficiently,  the  bulbs  may  be  out  of  focus  in  respect 
the  parabolic  reflector  of  the  lamp  or  the  lamp  supports  may  be 
Dt  in  such  a  way  that  the  rays  of  light  may  be  directed  too  far 
vards.  If  the  lamps  burn  dimly  or  not  at  all  and  it  is  difficult 
crank  the  engine  with  the  starting  motor,  this  means  a  weak  or 
charged  storage  battery.  In  addition  to  this,  the  lamps  may  be 
I  and  have  blackened  insides,  the  system  might  be  slightly  short 
enited,  or  considerable  resistance  may  be  present,  due  to  loose  or 
1y  connections.  If  the  lamps  blacken  or  burn  out  quickly  they 
I  not  of  the  proper  quality  if  they  are  six  volt  lamps,  -and  not  of 
I  proper  voltage  if  other  than  six  volt  lamps.  There  is  one  ex- 
^on  to  this  rule,  and  that  is  the  bulbs  of  the  tail  lamp  and  dash 
bty  which  are  three  volt  lamps  when  these  two  are  wired  together 
leries.  Burning  out  of  the  lamps  may  be  caused  by  the  regula- 
^not  working  properly,  and  if  this  is  the  case  the  lamps  will 
m  out  at  high  engine  speed.  If  the  lamps  flicker  and  the  am- 
kr  or  indicator  needle  is  unsteady,  look  for  loose  connections  in 
i  light  wires,  loose  connections  between  battery  and  dynamo, 
le  contact  at  a  lamp  connector  or  lamp  bulb,  poor  contact  be- 
ien  fuses  and  fuse  clips,  or  an  exposed  wire  touching  the  frame 
ermittently. 

if  one  suspects  that  the  battery  is  discharged,  its  condition  may 
leadily  determined  by  using  the  test  lamp,  shown  at  C,  Fig. 
I  The  test  lamp  may  also  be  used  for  locating  short  circuits 
l|ieii  circuits.  It  is  well  to  bear  in  mind  that  the  lead  terminals 
be  battery  should  be  scraped  dean  and  briglit  at  the  point  where 
test  lamp  wires  bear  in  order  to  insure  a  good  clean  contact. 
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If  the  test  lamp  burns  brightly  it  shows  that  there  is  cnrrer 
the  storage  battery.  To  locate  a  short  circuit  the  fuses  arc 
moved  from  the  rear  of  the  switch  and  the  wire  is  disconne 
from  the  negative  battery  terminal.  Connect  one  of  the  test  1 
terminals  to  the  free  battery  terminal  and  touch  the  other  test  1 
wire  to  the  frame  of  the  car.  The  test  lamp  should  light  if  | 
contact  is  made,  this  indicating  that  the  positive  battery  terniin 
properly  connected  to  the  ground.  Keep  one  test  lamp  wir 
contact  with  the  negative  terminal  and  touch  the  other  wire  tc 
end  of  the  battery  wire  just  disconnected.  If  the  test  lamp  li 
it  shows  that  a  conductor  or  wire  connected  to  the  battery,  lai 
horn  or  starting  motor  is  in  contact  with  or  grounded  to  the  fi 
of  the  car. 

Any  wires  having  injured  insulation  should  be  wrapped 
electrical  tape  to  prevent  metallic  contact  between  the  condi 
and  the  frame.  Open  circuits  are  best  indicated  by  feeling  oi 
wires  where  they  fasten  to  tlie  terminals  to  make  sure  that 
tive  contact  is  made  and  that  the  terminal  binding  nuts  are 
loose.  Short  circuits  may  also  be  located  if  no  test  lamp  is  a 
able  by  following  the  various  wires  and  if  any  of  these  are  four 
contact  with  the  frame,  it  is  a  wise  precaution  to  pull  them  i 
and  to  wrap  the  section  that  was  in  contact  with  the  frame  i 
oughly  with  insulating  tape.  If  one  lamp  flickers  and  the 
burn  brightly,  look  for  a  poor  connection  between  the  lamp  anc 
lamp  connector,  a  loose  terminal  at  the  junction  switch  or  a  d 
tive  fuse.  If  all  lamps  flicker,  look  for  loose  connections  in  w: 
between  battery  and  junction  switch.  "Wlien  lamp  bulbs  have 
renewed  in  liead  lights  it  is  sometimes  necessary  to  refocus 
lamps.  Head  lights  should  not  exceed  15  candle  power,  and  sh 
always  be  of  the  high  efficiency  filament  type.  Cheap  carbon 
ment  lamps  will  not  only  consume  undue  current  but  will  not  j: 
enduring.    Tungsten  filament  lamps  are  best. 

Chalmers-Entz  System. — This  is  used  on  the  Chalmers  \ 

26  and  is  shown  at  Fi^  310.    It  comprises  a  motor-generator, 

tery,  switch  and  regulating  device.    The  feature  of  the  installs 

is  that  it  prevents  the  gaso\mo  ei\^me  iTCi\a  ^l^llm^^  even  whei 

car  is  in  gear.   For  all  normaY  Afwm^  \\\^  ^^"^  «sh\\52«dlSa\^V<.' 
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position  at  the  extreme  right,  or,  in  other  words,  tlie  starting  q 
teni  is  constantly  connected  with  the  motor.  For  constant  drivi 
at  speeds  in  excess  of  30  miles  an  hour  the  dash  switch  should  I 
moved  to  the  middle  position  in  the  slot.  In  this  position  the  igl 
tion  of  the  motor  is  still  operative,  but  the  generative  portion  i 
the  starting  system  is  cut  out  so  that  the  battery  no  longer  is  beh 
charged.  When  there  is  a  tendency  for  the  engine  to  stop  the  ek 
trie  motor  automatically  picks  up  and  turns  the  engine  over  unl 
proper  firing  occurs. 

When  the  dash  switch  is  thrown  to  the  on  position^  current  floi 
from  the  battery  to  the  motor-generator,  wliich  as  a  motor  z 
volves  at  about  100  r.  p.  m.  As  soon  as  the  engine  attains  a  spei 
of  approximately  COO  r.  p.  m.,  6  to  8  miles  per  hour,  car  speil 
the  direction  of  the  current,  due  to  the  way  the  switch  is  connedj 
to  fields  and  armature  is  reversed  and  the  electrical  machine  till 
becomes  a  generator,  which  in  turn  charges  the  storage 
In  the  illustration,  showing  the  wiring  of  the  Entz  system,  the 
ages  of  the  lamps  are  shown.  In  the  case  of  the  head  lights, 
small  bulbs  incorporated  are  also  shown. 

Bemy  Two-ilrmature  Lighting  and  StaHing  S7stem.^1 

electric  starting  motor  and  lighting  generator  on  Series  A  A 
tional  cars  is  the  Kemy  ]Model  150  six  volt  system.     The  el 
machine  employs  two  separate  armatures  and  two  separate 
the  motor  being  superimposed  upon  the  generator,  although 
are  in  one  steel  casting,  making  a  neat,  compact  unit,  fai 
dubbed   a  ''double  decker."     The  wiring  diagram   is  showaj 
Fig.  311. 

The  two  armatures  are  connected  together  by  a*  train  of 
and  an  overrunning  clutch,  so  that  the  gears  and  motor  ai 
are  in  operation  only  when  the  starting  switch  is  pressed. 
porating   the    nMluction   gearing   and   overrunning   clutch  of 
starting-generator  unit  in  an  oil  bath,  insures  silent  operation 
ing  starting.  a.s  external  gears  and  the  meshing  of  the  samB; 
entirely  cliniinatrcf. 

The  unit  Iijls  only  one  drive  shaft  and  is  connected  to  tl 
gine  by  an  Oldham  coupling.     This  allows  of  quick  and 
movul  fvitui  the  engiue  i!ov  inspection  if  necessary,  although 
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m  plates  are  provided  on  the  unit  itself,  which  is  con- 
y  and  accessibly  located  on  the  engine.  Although  the  frame 
two  units  is  a  steel  casting,  the  magnetic  circuits  are  en^ 
idependent,  as  may  be  seen  from  the  illustration.  The 
ir  is  shunt  wound  and  is  automatically  regulated  for  con- 
Trent  by  a  vibrator,  which  is  mounted  on  the  same  base 
relay  or  electric  cutout.  The  function  of  the  regulator  is 
the  output  of  the  generator  constant  regardless  of  the 
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-Wiring  Diagram  of  the  Bemy-National  Starting  and  Lighting 

System. 


■  the  engine.  The  relay  is  simply  an  electric  switch  which 
id  closes  the  circuit  between  the  generator  and  battery  auto- 
y  to  prevent  dissipation  of  battery  current  in  the  generator 
e  engine  is  at  rest. 

motor  is  of  the  conventional  series  type  and  is  wound  to 
id  heavy  overloads.  Armatures,  brush  holders,  fields,  etc., 
;  in  accordance  with  standard  electrical  practice.  The  gen- 
rindings  are  protected  against  injury  by  means  of  a  fuse 
on  the  relay-regulator  base.     Should  the  battery  beco\x3kft 
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disconnected  either  through  accident  or  neglect,  this  fuse  will  bD 
thus  protecting  generator  and  field  against  excessive  Toltage,  wh 
would  result  if  the  field  circuit  were  not  opened. 

To  start  the  engine  the  operator  presses  the  starting  swit 
which  puts  the  motor  armature  into  motion,  engages  the  geari 
and  clutch,  and  turns  the  engine  over.  When  the  engine  is  n 
ning  under  its  own  power  the  clutch  and  engine  are  automatic! 
disengaged  and  the  unit  operates  only  as  a  generator.  The  lai 
load  of  the  car  is  carried  by  the  generator  at  about  12  miles  ] 
hour.  As  a  ** tell-tale"  an  indicator  is  employed,  from  which  1 
operator  may  determine  whether  the  generator  is  working  pn 
erly.  A  simple  ligliting  switch  is  used  for  turning  on  any  combfl 
tion  of  lamps.  Xo  side  lamps  are  used,  as  the  head  lamps  eonti 
small  independent  bulbs  for  signal  lamps.  The  two-wire  system 
wiring  is  used.  It  has  been  carefully  developed,  resulting  in  a  Ti 
simple  layout,  as  may  be  seen  from  the  accompanying  wiring  pi 
of  the  system  as  applied  to  the  six-cylinder  National  car. 

Faults  in  Motors  and  Oenerators. — While  every  effort  has  h 
made  by  the  manufacturei*s  of  electric  starting  and  lighting  i 
tems  to  have  the  various  units  function  as  nearly  automatically] 
possible,  it  will  be  evident  that  some  attention  will  be  needed 
the  various  units.  The  generator  should  be  looked  over  from  tl 
to  time  and  sliould  any  carbon  dust  be  worn  from  the  bnishei 
the  comnmtator  and  deposited  in  the  lower  part  of  the  casing 
should  be  blown  out  with  compressed  air.  It  is  stated  that  an 
cumulation  of  this  dust  may  result  in  a  ground  to  the  geneid 
case  or  produce  a  short  circuit  between  the  brush  carrier  and  m 
If  the  commutator  is  })lackened  or  rough  it  must  be  smoothed  dfl 
with  fine  sanii)aper  while  the  armature  is  rotating.  Never  j 
emery  cloth  for  this  purpose.  After  smoothing  down  the  comi 
tator  roinove  nil  particles  of  metal  which  may  bridge  across | 
tweon  the  co]^por  segments.  Tlie  insulating  material  between] 
commutator  .se<rments  should  not  be  higher  than  the  surfaMB 
the  segment,  iiiu\  if  nny  of  it  projects  it  must  be  filed  down  sli^ 
lower  than  the  cop])or  pi(»ees  by  using  a  small  file. 

The  brushes  are  the  i)art  of  the  generator  that  demand  the 
attention  and  to  whieh  most  of  the  troubles  in  devices  of  this 
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due.    They  should  be  oxaniiiKHl  to  see  that  they  are  in  perfect 
itaet  with  the  commutator  and  that  they  do  not  stick  in  tlie 
holders.    Any  dirt  or  grease  on  the  brusli  assembly  should 
removed-    One  of  the  most  fertile  causes  of  poor  brush  contact 
the  commutator  is  on  account  of  insufficient  spring  tension. 
?n  examining  the  brushes  care  should  be  taken  to  st^e  that  these 
maintained  positively  in  contact  with  the  copper  segments, 
shoiild  be  taken  not  to  have  the  spring  pressure  too  great,  as 
would  prr>duce  rapid  depreciation  of  the  brushes  and  heating 
the  coninuitator.     Brushes  that  have  worn  down  till  they  are 
must  be  replaced  with  new  ones.     When  replacing  brushes 
fiore  that  they  fit  the  commutator  surface  exactly  over  the  whole 
of  the  end  of  the  brush,  and  in  all  cases  use  brushes  for  re- 
*ment  furnished  by  tlie  maker  of  the  generator.     In  some  gen- 
>rs,  shunt  connections,  which  are  called  ''pigtails/'  are  used  for 
lecting  the  brushes.    If  the  new-  brushes  furnished  by  the  fae- 
have  these  connections  attached  care  should  be  taken  to  make 
connection  exactly  the  same  as  on  the  old  brushes. 
It  is  imperative  that  the  commutator  be  kept  clean,  as  any  oil  or 
on  the  segments  will  collect  carbon  dust  and  produce  short 
liting.     The  brush  liolders  should  be  entirely  insulated  from 
carrying  case,  and  if  any  of  the  insulating  bushings,  washers 
ites  are  found  defective  they  must  be  replaced  with  new  ones. 
Id  the  battery  or  generator  be  disconnected  for  any  reason, 
rt  operate  engine  again  until  they  are  connected.    Never  run 
lerator  unless  connected  to  the  battery.    With  the  engine  nin- 
and  lamps  burning,  if  the  amperemeter  hand  stays  at  zero  it 
ites  that  the  generator  is  producing  exactly  the  same  amount 
rent  as  the  lamps  are  consuming.    If  the  hand  is  on  the  dis- 
side  of  zero  it  means  that  the  current-consuming  units  are 
\g  more  than  the  generator  is  produeing.   If  the  ])ointer  is  on 
charging  side  of  the  scale  it  sliows  that  the  generator  is  pro- 
more  current  than  is  being  use<l  by  tlie  lamps. 
^Ihe  starting  motor  is  subject  to  the  same  eleetrical  troul)les  as 
»nerator  is.    These  are  gromids,  short  circuits,  brush  and  corn- 
tor  troubles.     Defects  in  either  the  motor  or  generator  drive 
f  a  purely  mechanical  nature  and  can  be  easily  loew^oA  \>y  vjay^ 
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competent  repairman.     The  centrifugal  governor  used  on 
generators  is  not  apt  to  give  any  trouble  unless  some  of  the 
fail  or  the  action  becomes  clogged  with  oil  and  grease.    ] 
springs  tending  to  return  the  weights  are  broken  or  become 
ened  the  generator  will  not  deliver  the  proper  amount  of  ci 
because  the  drive  will  not  be  positive.    Any  accumulation 
that  will  interfere  with  proper  frictional  adhesion  betwee 
clutch  parts  where  a  governor  is  employed  will  also  result  ii 
ure  to  drive. 

Faults  in  Wiring. — In  the  two  wire  sy^em  every  wire, 
nector  and  socket  must  be  insulated  from  the  car  and  shoul 
be  in  metallic  contact  at  any  point  except  at  the  terminal, 
imperative  that  all  wires  be  insulated  from  each  other  and  tl 
frame  except  at  points  where  permanent  connections  are  made 
connections  should  be  soldered  to  insure  positive  contact  ai 
curely  wrapped  with  insulating  tape.  The  wires  must  be 
securely  by  means  of  cleats  of  insulating  material  and  mu 
mounted  in  such  a  way  that  there  is  no  possibility  of  sharp 
comers  or  edges  wearing  through  the  insulation  and  ca 
grounds  or  short  circuits. 

All  wiring  should  be  protected  from  the  rotting  action  of  g 
oil  and  water,  and  when  the  wiring  is  run  where  these  subst 
are  apt  to  accumulate,  the  regular  insulation  should  be  sv 
mented  by  a  conduit  of  insulating  material  such  as  circular  lo< 
liber  tubin«r,  or  armored  cable  should  be  used.  All  wires  shou 
so  installed  that  there  is  no  danger  of  interference  between 
and  operating  rods  and  levers.  The  abrasion  of  these  member 
wear  through  the  insulation,  and  result  in  short  circuits.  Bn 
copper  terminal  connections  should  be  used  at  all  points  ai 
connection  should  be  made  by  winding  the  strands  of  wire  ai 
the  terminal.  One  or  more  of  the  strands  may  bridge  acra 
terminal  or  to  some  metal  part  and  cause  a  short  circuit  or  gp 
Special  care  should  be  taken  with  the  connections  in  the  lamp 
other  p(>ints.  By  the  term  **short  circuit"  electricians  meai 
two  wires  of  ()i>i)ositi»  polarity  are  in  metallic  contact.  Under 
conditions  the  storajre  battery  will  be  discharging  and  then 
be  110  Uphis  at  the  lamps.    A  short  circuit  may  occur  at  any 
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(the  wiring  system,  but  is  usually  found  at  terminals  that  have 
fen  carelessly  made  or  by  worn  insulation  on  wires. 
I  A  short  circuit  will  be  indicated  by  the  position  of  the  ampere- 
Iter  pointer.  Always  note  the  position  of  the  index  hand  of  that 
Kniment  when  the  car  is  stopped.  With  the  engine  at  a  stand- 
pi  and  no  lamps  burning  the  band  should  point  to  zero.  If  it 
not  the  amperemeter  is  either  out  of  calibration  or  there  is  a 
of  current  from  the  battery  at  some  point  in  the  wiring.  To 
tain  if  the  amperemeter  is  correct,  uncouple  one  of  the  battery 
lals  of  the  lighting  system.  Obviously,  if  the  hand  swings  to 
the  trouble  is  leakage  of  current,  which  should  be  immediately 
ted  after  the  trouble  is  located.  If  the  index  does  not  point 
[iCTo  when  the  battery  terminal  is  disconnected,  the  instrument  is 
of  calibration,  and  while  this  does  not  affect  the  operation  of 
^stem  it  should  be  taken  into  account  when  reading  the  am- 
leter.  If  the  engine  backfires  when  tlie  ignition  is  interrupted 
it  makes  one  or  two  revolutions  in  the  reverse  direction,  the 
?meter  pointer  may  be  found  at  tlie  extreme  of  the  scale  on 
discharge  side.  This  is  caused  by  the  circuit  breaker  contact 
held  closed  and  means  a  short  circuit  of  the  battery  through 
generator  winding.  This  must  be  corrected  at  once  by  mo- 
irily  disconnecting  one  of  the  generator  wires  or  starting  the 
le.  If  the  wires  are  removed  from  the  generator  for  any  rea- 
make  sure  that  they  are  connected  to  the  same  terminals  as 
were  originally.  If  the  wires  are  reversed  the  amperemeter 
indicate  a  dead  short  circuit  by  swinging  to  the  extreme  on 
discharge  side  of  the  scale  when  the  engine  is  started,  and  if  this 
ive  condition  is  not  corrected  the  battery  will  be  soon  dis- 
In  case  of  a  short  circuit  examine  all  of  the  wires  con- 
to  the  battery  terminals  and  to  the  lighting  switch.  Make 
that  the  insulation  is  ix'srfecf  and  that  it  has  not  been  cut 
igh  at  any  point.  Whenever  any  wires  are  remDved  from  any 
units  always  mark  the  terminals  and  the  wire  so  that  they 
be  replaced  exactly  as  they  were  orijrinally.  If  a  .short  circuit 
when  all  the  switches  are  opened,  if  one  tnk(»s  off  a  })attery 
lal  and  makes  and  breaks  contact  bctwct^n  the  wire  and  that 
ber  a  small  spark  will  be  in  evidrncr.    Jf  no  s\vArk\\\\;  \^vv\\ys. 
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connect  np  the  tcTininal  to  the  battery  and  then  with  the  engi 
at  a  standstill  close  the  switches  to  the  lighting  circuit  one  il 
time  and  watch  the  amperemeter  closely  as  each  switch  makes  « 
tact.  If  the  pointer  does  not  move  far  from  zero  it  shows  that  t 
current  consumption  is  normal ;  if,  however,  the  pointer  swingi 
the  extreme  of  the  discharge  scale  it  is  evident  that  a  short  eirei 
exists  somewhere  in  the  circuit  just  brought  into  action.  All  I 
circuits  can  be  tried  in  this  manner  one  at  a  timok  If  the  ampei 
meter  indicates  only  a  normal  amount  of  current  consumption  1 
the  various  lighting  circuits  it  is  apparent  that  no  further  seal 
is  necessary.  If,  however,  the  needle  indicates  a  short  circuit 
one  or  more  of  the  switch  positions,  examine  the  wires  carefd 
for  the  circuits  at  fault,  and  if  the  trouble  does  not  exist  theit 
may  be  located  in  the  lamp  socket,  the  connector  or  the  bulb  itH 
In  case  one  or  more  lanii)s  fail  to  burn  the  trouble  is  due  to  eiti 
a  broken  wire  or  a  defective  connection  at  the  switch,  connecton' 
lamp  sockets  or  a  bulb  or  fuse  is  burnt  out.  i 

The  following  instj'uctions  relative  to  the  care  of  the  lam{)Si 
storage  battery  of  the  Auto-Lite  system  are  taken  from  an  instflj 
tion  b(M)k  prepared  by  this  company  and  apply  to  similar  e(| 
ponents  of  all  systems.  Complete  directions  for  the  care  and  chdl 
ing  of  storage  batteries  are  given  in  the  preceding  chapter,  bntj 
the  same  time  a  review  of  the  important  points  to  keep  in  inh 
connection  with  the  maintenance  of  the  batteries  used  in  ligU 
\\\u\  startinjr  systems  will  [)rove  of  value  to  the  motorist  or  re| 
man  whn  ilois  not  desire  to  go  thoroughly  into  the  subjeetl 
storage  battc'ry  cliargiug  \.)V  maintenance.  \ 

To  clejin  liejhl  and  side  lainp  retlectors,  remove  from  lamp  b^ 
and  carefully  blow  out  any  dust  which  may  have  collected  OQ 
reflect intr  surfnees.    Tju-n  dip  a  small  piece  of  absorbent  col 
alcoli(»l  and  litrlitly  wijM»  (►ver  the  surface — always  from  the 
to  the  front.     To  foeus  the  lamps,  open  the  swinging  front  ofi 
lamp  and  direct  the  li«rlit  upon  some  smooth  vertical  surface 
distani-e  <»f  ahnut  ten  feet.    Loosen  the  adjusting  S3rew  on  the 
at  the  renr  of  the  n-Hector,  and  move  the  bulb  and  socket  out 
in  until  all  riuL's  disap|>ear  in  the  illuminated  area.     Then 
down  file  adjustin^^  screw  and  close  the  lamp.    Any  further 
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it  of  the  lamp  must  be  made  by  bonding  the  arms  of  the  lamp 
sket  with  a  heavy  wrench  until  the  light  from  each  lamp  strikes 
road  at  the  point  desired. 

Do  not  connect  additional  apparatus,  such  as  electrical  horns, 
lighters,  etc.,  to  the  system  without  taking  the  matter  up  with 
factory.  The  surplus  capacity  of  tlie  system  is  large,  but  there 
limit  to  the  amount  of  current  which  the  generator  can  pro- 
Use  the  same  judgment  and  reason  in  the  operation  of  the 
■ic  lights  on  a  car  as  you  do  those  in  your  home  or  garage. 
a  car  is  running  it  is  not  necessary  to  burn  all  the  lights,  the 
heads  and  the  tail  are  all  that  are  required  or  tliat  are  of  any 
When  the  car  is  standing  at  night,  use  the  side  and  tail 
only.  "When  push  type  connectors  are  used,  if  halves  of  con- 
are  loose  when  pushed  together,  the  contact  will  be  poor, 
the  connector  posts  slightly  so  that  they  will  slide  in  their 
snugly.  If  Ediswan  type  are  used,  and  plunger  springs  in 
;tor  do  not  operate,  replace  the  connector  with  a  perfect  one. 
f.The  storage  battery  is  made  up  of  several  hard  rubber  cells  or 
liners  for  the  active  plates  and  liquid  electrolyte.  The  whole 
funded  by  a  wood  casing  for  mechanical  protection  and  ease 
idling.  Each  individual  cell  is  provided  with  a  screw  cap 
inspection  and  the  addition  of  electrolyte  or  distilled  water 
necessary.  (See  Fig.  301  and  Fig.  305,  B).  The  electrolyte 
at  all  times  cover  the  tops  of  the  plates  at  least  one-quarter 
Insufficient  electrolyte  will  result  in  warped  or  buckled 
and  an  accumulation  of  sediment  at  the  bottom  of  the  cells. 
battery  will  be  ruined  in  a  short  time  if  the  tops  of  the  plates 
>t  kept  ©m-ered.  Each  cell  must  be  inspected  at  least  once 
week  in  summer  and  once  every  two  weeks  in  winter.  All 
caps  must  be  removed  and  distilled  water  added  to  each  cell 
ce  up  for  the  natural  evaporation.  If  distilled  water  cannot 
use  clean  rain  water  which  has  not  come  in  contact  with 
or  cement. 

rer  add  acid  to  the  cells  of  the  battery.    If  part  or  all  of  the 
Ijrte  has  been  lost  through  accidental  spilling  or  leakage  get 
tractions  and  advice  from  the  maker.     An  hydrometer,  ar- 
with  a  rubber  bulb  to  draw  a  portion  of  the  e\ee\To\>'\.^ 
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from  each  cell,  furnishes  the  best  indication  of  the  conditi 
battery.  The  hydrometer  shows  the  specific  gravity  of 
trolyte,  which  for  a  fully  charged  cell  should  be  1280  on 
gravity  scale.  If  the  car  is  out  of  service  for  a  considerab 
of  time,  as  when  laid  up  for  the  winter,  it  is  necessary  t 
the  battery  at  regular  intervals.  This  may  be  done  by  rur 
engine  at  a  car  speed  of  twenty  miles  per  hour  for  at  '. 
hour  every  two  weeks.  If  the  car  is  to  be  stored,  and  it  is 
venient  to  charge  as  above,  the  battery  should  be  remo^ 
the  car  and  placed  in  a  reliable  garage  to  be  properly  taker 

If  your  battery  is  arranged  with  terminal  posts  for  th 
connections  these  must  be  examined  occasionally  to  see  t 
are  clean  and  free  from  sulphate.  The  thorough  applic«nt 
small  amount  of  vaseline  at  the  metal  connections  to  th6 
posts  will  prevent  sulphating  and  consequent  corrosion  i 
electrical  contact  at  these  points.  If  the  electrolyte  leaks 
joints,  bottom,  or  wood  sides  of  the  battery  case,  one  or 
the  hard  rubber  cells  are  cracked  or  broken.  The  battery 
returned  to  the  factory  for  repairs  or  replacement.  The  m 
tery  box  must  be  thoroughly  wiped  out  with  a  cloth  satura 
ammonia  to  neutralize  the  acid  and  prevent  corrosion, 
of  the  battery  must  be  kept  clean  and  dry  to  prevent  a  le 
current  between  the  terminals.  See  that  the  battery  is 
curelv  in  its  metal  box  or  other  container.  If  neeessa 
tightly  with  waste  to  prevent  the  battery  shaking  about  fi 
ing  of  the  ear.  Tools,  other  metal  articles,  or  anything 
should  not  be  placed  near  the  battery  as  the  acid  fumes 
rode  and  destroy  metal,  cloth  and  like  material.  M^e  cert 
the  battery  terminals  cannot  touch  the  cover  of  tne  metal 
box.  A  thin  sheet  of  wood  fiber  fitted  inside  the  cover  of 
tery  box  will  prevent  short  circuits  or  grounds  from  th 
It  must  be  remembered  that  the  efficiency  of  any  storage 
decreases  with  drop  in  t^Miiperature  and  it  is  only  about  50  ; 
efficient  at  zero  temperature.  F^or  this  reason  the  demand 
rent  should  be  k<*pt  as  low  as  possible  in  cold  weather  ac 
turned  off  when  not  nc^eded. 

TJie  us(*r  of  any  e\v>ctrical  starting  and  lighting  sys' 
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312. — ^Wiring  Diagram,  Showing  TTPical  Lighting  STStem. 

ible   and  expense  by  the  observation  of  the   following 
is: 

replace  worn-ont  brushes  with  any  others  than  those  sup- 
be  manufacturer. 

put  oil  or  grease  on  tlic  conimutator  of  the  generator  or 
o  lubrication  is  wanted  there 
turn  the  hose  on  the  generator  or  motor  when  washing 


tighten  up  on  the  silent  chain  drive  unless  the  slack.  b%- 
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comes  excessive  from  stretching.     The  chain  must  be  run  wi 
reasonable  amount  of  slack  to  prevent  noise  and  wear. 

Don't  fail  to  lubricate  the  silent  chain  drive  at  frequent  ii 
vals.  Noise  will  be  eliminated  and  wear  reduced.  Keep  the  el 
and  sprockets  clean,  and  free  from  dirt  and  gravel. 

Don't  run  your  car,  if  for  any  reason  the  battery  is  dia 
nected  from  the  circuit,  unless  you  have  disconnected  the  cl 
driving  the  generator,  or  the  generator  itself  has  been  removed. 

Don't  attempt  to  propel  car  with  starter.     Such  *  "stunts" 
interesting,  but  expensive.     Gasoline  is  for  that  purpose. 

Don't  attempt  to  make  adjustments  of  any  kind  in  tlie  cire 
breaker. 

Don't  fuss  with  tlie  system  when  it  is  operating  properly. 

Typical  Lighting  System. — In  order  to  show  clearly  the  M 
use  that  is  made  of  electric  current,  even  on  cars  not  provided  id 
an  electric  starting  motor,  wiring  diagrams  are  shown  at  Fig.  \ 
which  represent  tlie  frame  and  body  wiring  of  a  Packard  toud 
car  without  starting  motor.     This  wiring  is  used  solely  for  d 
veying  battery  current  to  the  lamps  and  other  current-coDsnil 
units,  which  includes  a  Klaxon  horn  and  speedometer  light  in 
dition  to  the  usual  lighting  equipment  of  six  lamps.     Two  1 
lami)s  are  provided,  one  of  tliese  the  usual  red  signal  si>ecified 
law,  the  other  is  a  white  light  used  to  illuminate  the  license 
In  order  to  make  it  possible  to  remove  the  body  from  the 
without  destroying  the  wiring,  the  current  conductors  are 
two  independent  groups,  one  being  secured  to  the  body,  the 
running  through  suitable  conduits  attached  to  the  frame. 
upper  view  shows  the  body  wiring  with  the  storage  battery 
nected,  though  this  member  is  carried  by  the  xi'ame  and 
connector  which  may  be  readily  broken  when  desired  to  join] 
biittt-ry  with  the  body  junction  box.    Among  the  appliances 
ried  by  the  Ixxly  may  l)e  mentioned  the  side  lamps,  the  speedc 
and  dash  lights;  the  Klaxon  horn,  and  the  two  tail  lamps. 
arrangement  of  the  wiring  is  clearly  shown  in  the  illustratic 
method  of  running  the  wires  from  the  junction  box  to  the  ▼! 
units  is  clearly  defined.    Attached  to  the  chassis  are  the  two 
lights,  the  storage  battery,  and  the  lighting  generator.    In^ 
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system  the  generator  is  used  to  charge  the  storage  battery,  the  cm 
rent  going  through  the  usual  automatic  cutout  switch  to  prevei 
a  reversal  of  current  at  such  times  that  the  generator  is  not  sup 
plying  enough  energy  to  charge  the  battery.  As  is  true  of  the  dii 
gram  presented  above,  all  of  the  circuits  are  clearly  shown  and  mig 
be  readily  followed  by  any  one. 

The  construction  of  the  various  forms  of  electric  lamps  used  il 
motor  car  lighting  systems  is  clearly  shown  in  Fig.  313.  Th 
lamp  outlined  at  A  is  a  combination  form,  designed  to  use  eitlMl 
kerosene  or  electricity,  the  former  being  used  only  in  the  event  ff 
failure  of  the  latter.  The  side  lamp  at  B  is  a  neat  form,  intendd| 
to  use  electricity  only.  Dash,  coil  and  speedometer  lamps  are  di^ 
picted  at  C.  A  combination  trouble  lamp  and  cigar  lighter  ij 
shown  at  D.  The  trouble  lamp  at  E  is  an  easily  portable  fc 
and  is  convenient  for  use  around  the  power  plant,  gasoline 
etc.,  deriving  its  current  from  the  regular  battery.  A  combu 
tail  lamp,  having  red  lens  at  the  rear  and  a  white  glass  at 
side  to  illuminate  the  number  plate,  is  shown  at  P.  The  appi 
construction  of  a  variable  focus  electric  head  lamp  is  shown  at 
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CHAPTER  VII 

CLUTCH  AND  GEARBOX  FAULTS 

Principal  Clutch  Troubles  Outlined — Cone  Clutch  Construction  and  Adju 
ment — Cone  Clutch  Repair — Plate  and  Disc  Clutches — ^Band  Clutchei 
Planetary  Gearset  Repair — Friction  Drive  Faults  and  Remedies 
Troubles  in  Sliding  Gear  Transmission. 

It  is  not  difficult  to  locate  defects  in  the  power  plant,  as  t 
S3rmptoms  resulting  from  faulty  action  of  the  engine  mechanii 
and  the  parts  of  the  auxiliary  groups  are  such  that  can  be  read: 
recognized  by  comparatively  inexperienced  repairmen.  There  c 
a  number  of  points  in  the  power  transmission  system  that  may  < 
preciate  in  service  and  their  faulty  action  will  not  be  immediate 
discovered.  There  may  be  serious  wear  in  the  power  transm 
sion  elements,  such  as  the  gear  box  and  the  rear  axle,  which  w 
mean  a  serious  diminution  in  the  amount  of  power  delivered 
the  rear  wheels.  As  these  faults  are  usually  of  a  purely  mech£ 
leal  nature,  they  are  not  generally  known,  and  as  a  rule  only  sh< 
up  in  a  positive  manner  when  a  car  is  overhauled  thoroughly. 

Principal  Clutch  Troubles  Outlined.— The  first  member  of  t 
power  transmission  system  to  be  considered  is  the  friction  clut 
in  its  various  forms,  and  it  is  important  that  clutch  troubles 
readily  recognized,  as  the  power,  capacity  and  speed  of  the  ent; 
vehicle  will  be  affected  if  the  clutch  action  is  not  as  it  should  1 
Considering  first  the  general  troubles  which  are  apt  to  materi 
ize  with  all  types  of  clutches,  we  will  consider  as  the  most  importa 
a  too  sudden  or  harsh  engagement,  which  causes  ** grabbing,"  fa 
ure  to  transmit  the  entire  engine  power,  lack  of  capacity  due 
failure  to  engage  properly  and  poor  or  slow  release,  which  resu 
in  ** spinning."  Clutches  that  employ  frict\oiia\  ma\,ct\A  ^ 
facing  will  not  act  properly  if  the  material  beeoiu^^  ^otxl  ot 
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is  glazed  over.  Besides  the  trouble  due  to  defective  friction  n 
hers,  there  are  other  portions  of  the  clutch  mechanism  that  d^ 
inand  care  and  inspection.  As  the  cone  clutch  is  the  most  ea» 
moD,  we  will  describe  the  construction  of  a  typical  clutch  of  tUi 
nature  and  then  consider  the  methods  of  repairing  defects  thit 
may  materialize  in  service. 

Cone  Clutch  Construction  and  Adjostment.— The  cone  clutcb 
assembly  shown  at  Fig.  314  is  that  used  on  National  automobila 
and  is  one  that  has  given  excellent  service.  The  female  member  ii 
machined  in  the  flywheel  rim  while  the  male  member,  from  which 
the  clutch  type  tiikes  its  name,  is  a  truncated  cone  or  saucer-shaptd 


rig.  314.— CTutch  and  ContatA  TtAal  k»«Hafl.-s  <A  Y«»nnA. 
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mber  cast  of  alnmionm,  which  has  a  friction  facing  of  leather, 
e  clatch  cone  transmita  power  by  virtue  of  frietional  adhesion 
h  the  flywheel  rim,  this  amount  of  friction  being  increased  by 
:  wedging  action  due  to  the  angular  face  of  the  clutch  niember& 
e  pressure  maintaining  the  parts  in  engagement  is  produced  by 


SPEED 

SHIFTING 

LEVER 

MAINaHAFT 

BALL  BEARING 


^^  PRIMARY  SHAFT 
CLUTCH  COKE 


\   KOLLER  BEARINS 
\ 
COUNTERSHAFT 


rig.  S1& — BmUoimI  Vlnr,  Showing  Ocur  Box  iiid  Clntdi  AsMmUr, 
Fonnljis  Put  of  Unit  Powei  Plant 

abstactial  coil  spring  carried  by  the  flywheel  extension,  this 
\ng  exerting  its  pressure  against  the  cone-carrying  member 
baTlng  its  reaction  absorbed  by  an  anti-friction  bearing  of  the 
form.  The  power  from  the  clutch  cone  carrier  is  transmitted 
I  donble  universal  joint  to  the  gearbox,  placed  back  of  the  clutch 
about  midway  on  the  chassis  frame. 
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The  views  of  the  National  chassis  presented  at  Fig.  339  wiD 
show  the  relation  of  the  clutch  and  gear  box  in  the  National  cir 
very  clearly.  When  it  is  desired  to  interrupt  the  engine  drive  the 
clutch  release  pedal  is  depressed,  this  pulling  the  dutch  cone  car- 
rier so  the  cone  is  pulled  away  from  the  female  clutch  member. 
In  order  to  prevent  ''spinning"  and  make  gear  shifting  easy,  as 
soon  as  the  clutch  cone  is  fully  released  a  friction  brake  interlocked 
with  the  clutch  pedal  is  brought  in  contact  with  a  small  brake 
drum  member,  which  retards  clutch  movement.  Another  form  of 
friction  clutch,  showing  its  relation  to  the  gearbox  of  a  unit  power 
plant,  is  clearly  outlined  at  Fig.  315.  This  is  of  Covert  manu- 
facture and  will  be  found  on  a  number  of  1915  automobiles.  When 
the  clutch  and  gearset  are  incorporated  as  a  unit  the  design  of  the 
engine  is  such  that  the  gear  box  is  bolted  directly  to  the  engine 
crankcase  in  order  to  obtain  a  unit  power  plant.  In  this  cone  clutch 
the  spring  pressure  maintaining  contact  between  the  male  and  fe- 
male clutch  members  is  produced  by  four  coil  springs  carried  out- 
side of  the  clutch  cone,  where  they  may  be  easily  reached  through 
the  clutch  case  cover  when  it  is  necessary  to  increase  their  tension. 

It  will  be  apparent  that  as  the  clutch  facing  wears  and  the  cone 
seats  itself  deeper  into  the  female  member  that  the  spring  tension 
may  be  reduced  to  some  extent.  In  the  clutch  shown  the  spring 
pressure  may  be  increased  as  desired  by  pulling  out  the  split  pinj 
that  keep  the  castellated  adjusting  nuts  from  turning  and  screw- 
ing each  of  these  members  in  the  same  amount,  endeavor  being 
made  to  have  the  tension  of  all  springs  as  nearly  equal  as  possible 
The  clutch  springs  exert  their  pressure  against  the  clutch  cone  at 
one  end  and  the  reaction  is  taken  through  the  stud  to  a  spider  mem- 
ber between  the  clutch  cone  and  the  flywheel,  which  bears  against 
a  ball  thrust-bearing  carried  by  the  crankshaft  extension  membei 
bolted  to  the  flywheel,  as  indicated.  When  it  is  desired  to  release 
the  clutch,  the  pedal  rocks  a  shaft  to  which  a  yoke  member  is  fas- 
tened. This  yoke  member  carries  rolls  which  bear  against  an  up- 
turned flange  on  the  clutch  cone  carrier,  which  also  transmits  the 
power  of  the  engine  to  the  squared  end  of  the  primary  shaft  The 
construction  of  the  gear  box  vaVWie  Ae^rto^ftim^x^'^^t  ^ti^n^^infie. 
The  clutch  shown  at  Fig.  316,  k,  Sa  xMaftfti  oniasA^^-^^ 
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B-25  Buick  cars.  It  is  of  the  leather-faced  cone  type,  having  three 
plungers  pressed  against  a  leather  facing  by  coil  springs  to  mak 
for  easy  engagement.  The  construction  is  clearly  shown  in  the  a^ 
companying  sectional  view,  w^hich  also  points  out  the  portions 
needing  lubrication.  Of  these,  the  clutch  spindle  is  lubricated  by 
a  grease  cup  carried  by  the  clutch  cone,  while  a  pipe  plug  is  placed 
in  the  spring  housing  to  introduce  grease  for  the  thrust  bearing. 
In  this  clutch  the  spring  tension  may  be  increased  by  screwing  in 
the  threaded  nut  on  the  end  of  the  <?rankshaft  extension.  The 
clutch  cone  is  of  aluminum  and  is  tapered  in  the  usual  way,  having 
a  standard  angle  of  12J/2  degrees.  The  cone  is  held  in  engagement 
with  the  flywheel  by  the  large  coil  spring  enclosed  in  a  housing 
member,  that  also  serves  as  a  clutch  cone  carrier.  At  the  rear  of 
this  sleeve  or  housing  member  is  placed  the  coupling  which  connects 
the  clutch  with  the  primary  shaft  of  the  change  speed  gearing.  The 
housing  carries  a  collar  connected  wdth  the  clutch  pedal,  so  that 
when  that  member  is  depressed  the  clutch  spring  is  compressed  and 
the  cone  pulled  away  from  the  flywheel  rim.  After  the  clutch  has 
overcome  the  inertia  imparted  by  the  flywheel  it  remains  station- 
ary when  released,  the  crankshaft  extension  rotating  freely  inside 
of  the  clutch  si)indle  bearing. 

The  most  common  cause  of  faulty  clutch  action  is  some  defect 
of  the  leather  facing,  as  this  laay  be  packed  down  hard  or  charred 
by  heat  from  slipping,  or  it  may  have  been,  used  so  long  that  the 
leather  has  lost  its  life  and  become  hard,  with  a  glazed  surface  that 
has  a  very  low  degree  of  frictional  adhesion.  The  clutch  spring 
mav  have  become  weakened  or  broken ;  this  will  cause  the  clutch  to 
slip,  even  if  the  leather  facing  is  in  good  condition.  The  two  trou- 
bles usuallv  met  with  are  harsh  action  as  one  extreme  condition 
and  power  loss  because  of  slipping  as  the  other.  If  the  surface  of 
the  leather  lining  becomes  hard  and  does  not  have  enough  resiliency 
to  yield  slightly  when  first  brought  into  frictional  contact  with  a 
flywheel  rim,  this  results  in  harsh  engagement.  To  insure  gradual 
clutch  application  the  friction  lining  should  be  soft  and  elastic. 
If  the  leather  has  not  been  charred  or  is  not  worn  too  much  it  may 
often  bo  softened  by  rubbing  \l  \f\\\i  ii^^\slw>X<  q\  %xA  iS&s^^^inni^ 
bat  substance  to  soak  into  t\\e  potes  ol  \\v^\^^^«t.  ^^vfii«&^ 
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is  often  enough  to  keep  the  clutch  leather  soft  and  pliable,  and  i 
lias  an  added  advantage  in  that  it  has  so  little  lubricating  valu 
that  the  clutch  members  are  not  likely  to  slip  because  of  reduce< 
friction.  Kerosene  also  has  a  quick  penetration  property  that  i 
valuable  and  does  not  collect  grit  or  gum.  Cylinder  or  machine  oi 
should  never  be  used  to  soften  a  clutch  leather. 

When  a  cone  clutch  slips  and  the  friction  facing  is  not  won 
or  the  spring  tension  is  not  lessened  the  trouble  is  usually  due  t< 
a  coating  of  lubricating  oil  on  the  frictional  material,  that  reduce 
the  friction  so  that  the  pressure  of  the  clutch  spring  is  not  grea 
enough  to  keep  the  clutch  parts  tightly  pressed  together  in  posi 
tive  driving  engagement.  A  simple  remedy  for  this  defective  con 
dition  is  to  absorb  the  surplus  lubricant  by  rubbing  a  small  quan 
tity  of  Fuller's  earth  into  the  leather  surface.  When  a  clutch  com 
is  assembled  it  is  not  easy  to  reach  the  friction  lining.  The  firs 
step  is  to  disengage  or  release  the  clutch  and  fasten  the  releasing 
mechanism  in  such  a  way  that  the  clutch  cone  will  stay  out  of  en 
gagement  even  when  the  pressure  is  released  on  the  pedal.  Or 
some  cars  the  clutch  release  and  emergency  brake  applying  me 
chanism  are  interlocked  so  that  applying  the  hand  lever  will  release 
the  clutch.  The  clutch  may  be  held  out  of  engagement  in  this  cast 
by  latching  the  emergency  brake  lever.  The  Fuller's  earth  i\ 
placed  on  a  piece  of  paper  or  card  so  it  can  be  sprinkled  into  th< 
space  left  between  the  male  and  female  members.  Powdered  bora^ 
is  often  recommended  for  the  same  purpose.  Rosin  is  sometimes 
advised,  but  this  material  should  not  be  placed  between  the  clutcl 
members,  as  if  there  is  any  tendency  to  slipping  and  any  genera 
tion  of  heat  it  may  be  melted  and  will  become  a  lubricant  that  will 
intensify  the  slipping  instead  of  acting  to  absorb  the  oil,  as  th( 
Fuller's  earth  or  borax  will. 

If  slipping  is  caused  by  a  broken  clutch  spring,  which  is  a  verj 
rare  occurrence,  or  by  weakening  of  the  clutch  spring,  which  is 
more  common,  the  method  of  repair  is  evident,  this  consisting  oi 
substituting  springs  of  proper  strength  where  no  adjustment  is 
provided  or  by  increasing  the  degree  of  compression  of  the  weak 
spring  if  some  method  oi  compensation  for  sYiOTlemTi"^  \!cife  «^Tvsi 
is  provided.    Another  annoying  condition  wYien  ^^^  eoxkfc  ot  "Cks: 
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plate  clutch  is  used  or  where  the  clutch-driven  members  are  of  lai) 
diameter  and  have  considerable  weight,  is  **  spinning '*  or  eonti 
ual  rotation  of  the  male  clutch  member  when  the  spring  pressure ; 
released.  This  is  often  due  to  inertia,  but  is  sometimes  caused  h, 
a  defect  in  the  clutch  mechanism.  If  the  bearing  on  which  the  con 
revolves  when  disengaged  is  not  properly  lubricated  or  if  a  pod 
grade  of  grease  is  used  for  this  purpose  the  bearing  may  stick  anc 
the  male  clutch  member  will  continue  to  rotate,  even  when  th 
spring  pressure  is  released.  The  ball  thrust  bearing  employed  t« 
take  clutch  spring  reaction,  and  which  is  clearly  shown  in  the  vari- 
ous sectional  views  previously  described  and  in  Fig.  318,  whidi 
shows  a  cone  clutch  partially  dismantled,  may  become  wedged  li| 
a  broken  ball  or  particles  of  foreign  matter,  and  if  rotation  of  tbi 
parts  relative  to  each  other  is  prevented  the  rotation  of  the  crank- 
shaft will  be  imparted  to  the  cone  member  through  the  clutdl 
spring,  which  must  turn  with  the  crankshaft  instead  of  remainiill 
stationary,  as  would  be  the  case  if  the  ball  thrust  bearing  wai 
functioning  as  it  should. 

A  seized  clutch  spindle  bearing  can  only  be  repaired  by  takio| 
the  clutch  apart  and  dressing  down  the  scored  journal,  supplyifl| 
a  new  bushing  and  removing  the  cause  of  the  seizure.    Someti] 
when  the  clutch  cone  is  carried  on  plain  bearings  wear  in 
members  will  permit  the  cone  to  sag  because  of  its  weight, 
oven  though  the  spring  pressure  is  fully  released  the  lower  poi 
of  the  cone  will  come  in  contact  with  the  flywheel  and  the  cone 
be  kept  in  rotation.    Faulty  clutch  action  is  often  traced  to 
distinct  from  the  clutch  mechanism  itself.     This  applies  to 
types  of  clutches.    ]\Iany  cases  of  failure  of  clutch  to  release 
been  found  due  to  imperfect  relation  of  interlocking  levers  or 
or  depreciation  in  some  mechanical  parts.     If  the  clutch  shi 
collar  is  worn  unduly  or  the  small  pins  in  the  rod  yokes  com 
tlie  clutch  pedal  with  the  release  mechanism  have  worn,  the 
may  be  fully  dei^ressed  and  yet  the  pressure  of  the  spring  to 
tlie  parts  in  contact  may  not  be  reduced  to  any  extent.    Where 
emergency  brake  lever  is  interlocked  with  the  clutch  release 
age  it  may  l)e  possible  that  an  adjustment  of  the  brake  rod, 
these  are  sliortened  to  compensate  for  wear  of  the  brakes. 


Cone  Clutch  Repairs  6. 

change  the  length  and  may  throw  oat  the  clutch  mecha:iism  slight 
and  cause  slipping  of  the  clutch  because  the  spring  pressure  m 
be  partially  relieved. 

The  clutch  release  mechanism  used  on  the  Overland  ear  as  w 
as  the  provisions  for  adjusting  the  clutch  spring  are  clearly  shoi 
at  Fig.  319.  "When  the  clutch  cone  facing  wears  the  only  remei 
is  to  dismantle  the  clutch,  as  shown  at  Fig.  318,  which  permits  o 
e  the  old  clutch  lining  from  the  cone  and  rivet  a  new  o 
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in  its  place.  If  the  old  facing  can  be  removed  without  breaking, 
may  be  employed  as  a  pattern  or  basis  for  a  new  lining.  If  t 
car  is  a  model  of  standard  make  and  recent  manufacture  the  ht 
plan  is  to  obtain  a  new  clutch  facing  from  the  manufacturer.  Ho 
ever  if  the  car  is  an  old  model  or  if  the  facing  must  be  put 
immediately  it  is  not  difficult  to  lay  out  a  clutch  leather  that  « 
go  in  place  without  difficaltj. 

The  6nt  step  is  to  lay  out  the  clutch  to  exacl  «v«i  otvVs 
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drawing  paper,  making  sure  that  the  faces  are  at  the  proper  aii( 
This  may  be  done  as  shown  at  Fig.  316,  B.  Draw  a  long  t 
through  the  center  of  the  elntch  eone  and  parallel  with  the  bo 
this  being  represented  by  the  line  AB  in  the  drawing.  ContiD 
the  angle  of  the  cone  by  straight  lines,  meeting  at  a  point  in  t 
center  line.  Using  this  point  as  a  center  and  the  distance  from 
to  C  and  B  to  D  as  radii,  describe  the  arcs  of  circles  EG  and  P. 
The  distance  from  E  to  G  must  equal  the  larger  circumference 


Fig.  318. — Cone  Clntcb  Partially  DlsusemUod  to  Sbow 
Oompononts. 


the  cone  so  the  ends  will  butt  together,  or  it  may  be  advisable 
make  the  strip  somewhat  longer  than  necessary  to  allow  for  fittin 
The  pattern  tiius  obtained  may  be  used  to  cut  the  new  leather, 
special  friction  leather  which  is  made  for  thia  purpose  should  I 
used.  The  thickness  of  the  facing  is  important,  because  if  it 
too  thick  it  will  prevent  the  cone  from  entering  the  flywheel  ai 
should.    The  clutch  leather  is  usually  one-quarter  inch  thick. 

Before  riveting  the  leather  in  place  it  should  be  mode  u  plial 
as  possible  with  neatsfoot  or  castor  oil,  though  all  repairmen  arei 
in  agreement  regarding  t\\i%  practice.    Some  advocate  a 
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leather  in  water  and  applyiBg  to  the  cone  wet  so  that  when 
dries  it  will  shrink  and  hng  the  cone  closer.  Others  apply  it  c 
and  oil  it  after  it  is 


placed.  In  the  opinion 
of  the  writer,  which  is 
based  on  considerable 
experience,  letting  the 
leather  shrink  is  likely 
to  resnlt  in  the  friction 
facing  pnlling  away 
from  the  rivets,  while 
oiling  the  material 
after  application  is  apt 
to  cause  expansion  and 
an  uneven  surface. 
When  the  leather  is 
mled  before  applica- 
tion it  is  soft  and 
pliable  and  there  will 
be  no  troable  in  the 
material  becoming 
loose  from  its  fasten- 
ings if  it  is  properly 
fitted.  There  are  two 
methods  of  fitting  the 
clutch  leather.  One  of  these  is  to  attach  the  leather  at  one  ei 
holding  it  on  the  cone  with  a  machinist's  clamp  or  hand  vise,  wli 
the  holes  are  then  drilled  in  the  leather  to  coincide  with  those 
the  cone.  The  two  holes  at  the  extreme  end  are  first  drilled  a 
the  leather  riveted  in  place,  care  being  taken  that  the  holes  for  1 
rivet  heads  are  countersunk  deep  enough  so  the  copper  will  be  w 
below  the  surface  of  the  leather.  After  the  end  is  securely  fasten 
the  leather  is  pulled  tightly  around  the  cone  to  the  next  point 
fastening,  the  facing  again  being  retained  by  clamps  while  the  ho 
are  drilled  and  the  rivets  applied.  This  operation  is  repeated  fn 
one  point  of  attachment  to  the  next.  TliisinettioA  vnsaTea'OsisA. 
facing-  will  bug  the  cone  closely  instead  oi  standms  a^K^  ^'t^'' 
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tween  the  rivets,  as  is  sometimes  the  case  when  all  holes  are  drilled 
in  the  leather  before  application,  which  is  the  alternative  method. 

After  a  facing  is  applied  it  should  be  trued  in  a  lathe  by  tak* 
iug  a  light  cut  off  its  surface  or  the  high  spots  may  be  rubbed  oft 
by  hand  with  sandpaper,  a  piece  of  glass  or  a  coarse  file  until  m 
a  full  bearing  is  obtained  all  over  the  clutch  facing.  The  material 
ordinarily  used  is  good  oak  bark  tanned  belting  leather,  thongrh 
hemlock  and  chrome  tanned  leather  have  been  used  with  gooA 
results.  The  oak  tan  seems  to  possess  all  the  desired  qualities  of 
elasticity,  durability  and  degree  of  frictional  adhesion  required- 
The  other  method  of  applying  the  leather  is  to  rivet  the  two  ends 
to  the  cone  as  shown  at  Fig.  316,  C,  and  then  to  pull  the  leathdT 
in  place  and  rivet  at  the  point  directly  opposite  that  where  the  tiro 
ends  are  riveted.  Tlie  other  rivet  holes  are  then  drilled  to  corre- 
spond with  those  in  the  cone.  It  is  not  desirable  to  cut  woven  wire 
asbestos  fabric,  and  when  this  material  is  used  it  must  be  ob- 
tained all  ready  woven  to  form  from  the  car  manufacturer.  Spe- 
cial copper  rivets  are  used  for  riveting  the  friction  facing  to  the 
cone.  These  have  broad,  flat  heads  of  medium  thickness,  in  ordeT^ 
that  they  will  keep  tlie  leather  firmly  in  place  without  danger  oft 
pulling  through,  as  would  be  the  case  if  the  rivet  heads  wei»» 
small.  Care  should  be  taken  to  countersink  deep  enough  for  thj 
rivet  heads  so  that  these  will  not  touch  the  female  member 
tlie  leather  is  worn  so  much  that  it  needs  renewing. 

It  is  not  difficult  to  do  a  good  job  of  riveting  if  a  bolt  or  pi 
the  same  diameter  as  the  rivet  head  is  used  as  a  support,  as  she 
at  Fig.  316,  D,  and  the  end  of  the  rivet  is  burred  over  with 
rivet  set,  or  with  the  ball  pein  end  of  a  machinist's  ha 
The  punch  supports  the  head  of  the  rivet  and  forces  it  positii 
into  the  countersunk  hole  and  insures  a  good  tight  fit.    On 
clutch  cones,  notably  that  used  in  models  of  the  White  automi 
the  friction  facing  is  held  on  the  cone  by  means  of  T-bolts, 
fit  into  depressions  east  into  the  cone  spider.     Renewal  of 
leather  is  a  simple  matter,  as  the  worn  facing  may  be  rei 
by  loosening  the  clamping  members  and  a  new  facing  easily 
plied.    The  method  of  making  a  pattern  for  the  clutch  leather 
some  of  the  Overland  car  models  is  clearly  shown  at  Fig.  Sit 
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It  will  be  observed  that  the  radius  for  the  inner  circle  is  33Xj 
inches,  while  that  for  the  outer  arc  is  35%2  inches.  The  lengli 
should  correspond  to  the  circumference  of  the  clutch  cone,  flU 
44% 6  inches.  The  rough  or  flesh  side  of  the  leather  is  pla( 
outside. 

Plate  and  Disc  Clutches. — Multiple  disc  or  three  plate  cluti 
are  subjected  to  practically  the  same  main  troubles  as  found 
the  cone  type,  i.e.,  they  will  engage  harshly  or  fail  to  transmit 
engine  power  in  a  positive  manner.    If  a  multiple  disc  clutch  of 
all-metal  plate  type  does  not  release  properly,  it  is  because 
surfaces  of  the  plates  have  become  rough  and  tend  to  adhere  t«^j 
gether.     The  plates  should  be  smooth  and  free  from  any  roi 
particles  or  score  marks,  as  these  wall  always  produce  harsh 
gagement.     This  condition  also  results  if  there  is  insufficient 
or  unsuitable  lubricant  in  those  types  where  the  discs  are  d< 
to  run  in  an  oil  bath.     **  Spinning"  or  continuous  rotation  of 
multiple  disc  assembly  often  results  from  seizing  due  to  gummed 
the  presence  of  carbon  or  burnt  oil  between  the  plates,  and  in 
cases  by  a  lack  of  oil  between  the  members.    When  an  all-mc 
multiple  disc  clutch  slips,  this  generally  results  because  of  redi 
strength  in  the  clutch  springs,  distortion  of  the  plates,  or  the 
of  too  heavy  lubricating  oil.     To  secure  the  best  results  from 
multiple  disc  clutch  it  is  imperative  that  only  certain  grades 
oil  be  used.    If  one  uses  a  cheap  or  inferior  lubricant  it  will 
bonize  because  of  tlie  lieat  present  when  the  plates  slip,  or  it 
gum  up  owing  to  the  admixture  of  animal  fats  or  other 
terants. 

In  a  number  of  cases  faulty  multiple  disc  clutch  action  is 
to  ** brooming,"  which  is  a  name  given  for  a  defective  con< 
that  exists  when  the  sides  of  the  kyeway  have  become  indc 
and  prevent  free  movements  of  the  plates,  or  when  the  plate 
become  burred  over  and  prevent  full  contact  of  the  plates. 
most  cases  the  adjustment  of  a  multiple  disc  clutch  is  easily 
complished  by  adjusting  nuts  that  may  be  easily  reached  if 
clutch  is  of  the  dry  plate  type,  as  shown  at  Pig.  320,  A,  whidi 
a  representation  of  the  1914  Hupmobile  clutch.    The  adjusting 
is  indicated  and  there  are  a  number  of  these  carried  around 
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•y  of  the  flywheel.  Whenever  the  dry  plate  clutch  is  used, 
of  the  series  of  discs  is  faced  with  some  friction  material, 
Raybestos,  and,  of  course,  when  this  facing  wears  it  must 
ced  with  new  just  the  same  as  advised  for  the  cone  clutch, 
icings  are  usually  of  asbestos  fabric,  and  must  be  procured 
in  the  special  ring  form  of  suitable  dimensions  for  that 
make  of  clutch.  It  is  not  possible  for  the  repairman  or 
t  to  cut  his  own  plate  facing,  as  the  material  is  hard  to 
and  there  would  be  much  waste  if  attemot  was  made  to 
.  segments  from  a  wide  strip  of  material. 
rpicsl  multiple  plate  clutch  of  approved  design  is  shown 
320,  B.  This  is  used  on  the  series  X  Premier  car.  It  is 
i  to  operate  in  oil  and  is  housed  in  a  dust-proof  casing 
1  to  the  rear  of  the  fan-blade-spoked  flywheel.  Connec- 
;ween  the  clutch  and  gearset  is  by  means  of  a  hardened 
shaft  A,  broached  at  its  forward  end  to  engage  with  the 
and  having  at  the  rear  a  joint  coupling  B,  which  engages 
imilar  part  C  on  the  gearbox.  The  sleeve  B,  which  carries 
pling  slides  upon  the  clutch  shaft  may  be  easily  moved 
by  removing  the  clamping  collar  D.  This  is  split  so  that 
be  easily  removed  from  the  threaded  portion.  In  remov- 
clutch  the  flrst  operation  is  to  displace  the  floor  board 
p  to  gain  access  to  the  clutch  casing.  Remove  the  cotter 
from  the  pins  F  in  the  pedal  shaft  end  of  the  cradle, 
the  split  nut  D  from  the  clutch  shaft  A  and  slip  the 
i  forward,  in  order  to  release  it  from  the  coupling  C. 
move  the  eight  retaining  screws  Q  in  the  clutch  cover  on 
'heel,  which  will  permit  of  removing  the  clutch  and  drive 
To  take  the  clutch  apart  back  off  the  clutch  nut  H,  which 
»ase  the  clutch  spring  and  enable  that  member  to  be  lifted 
he  spring  nut  H  is  not  used  for  making  adjustment,  as 
necessary.  A  spanner  wrench  or  two  quarter-inch  pins 
connection  with  a  bar  may  be  employed  for  backing  off 
eh  nut  H.  The  clutch  cover  J  can  be  easily  removed  by 
ut  the  spring,  and  the  small  and  large  plates  L  and  K  will 
1  on  the  clutch  plate  holder. 
5  plates  should  be  taken  off  and  thoroughly  cVeaii^A..    \i 
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iderable  depreciation  is  noted,  new  ones  should  be  substituted 
the  worn  members.  The  small  plates  L  have  lugs  upon  their 
r  edges  which  engage  in  the  keyways  or  grooves  cut  on  the 
of  the  spider.  The  large  plates  K  have  a  series  of  lugs  on 
r  outer  edges  to  fit  into  the  grooves  in  the  clutch  cover.  In 
sembling  this  clutch  it  is  important  that  the  lugs  of  the  large 
1  are  so  arranged  as  to  fit  alternate  slots,  thereby  providing 
BC  between  every  other  plate  for  the  placing  of  the  small 
tugs  which  must  be  assembled  so  as  to  project  toward  the  rear 
he  car.  The  last  two  springs  are  arranged  to  touch  the  inside 
the  clutch  cover.  The  object  of  these  small  springs  N  is  to 
96  the  clutch  plates  K  apart  when  the  clutch  pedal  is  released. 
Before  replacing  the  clutch  cover,  coat  the  edges  with  shellac 
insare  an  oil-tight  fit.  Slide  the  clutch  shaft  A  forward  into 
dutch  until  it  strikes  the  bottom  of  its  socket.  Slide  the  sleeve 
irith  the  three  joint  coupling  back  until  it  engages  with  the 
eting  member  on  the  transmission  primary  shaft.  Replace  the 
I  nut  D,  screwing  it  along  the  shaft  until  both  the  shaft  and 
■leeve  are  forced  securely  into  place,  then  screw  the  nut  forward 
Bt  .03  inch  to  allow  that  much  end  play  in  the  clutch  shaft, 
I  tighten  the  two  screws  securely.  The  makers  of  the  Premier 
tdi  recommend  lubricating  the  clutch  every  five  hundred  miles. 
■  18  accomplished  by  removing  the  filler  plug  and  using  a  funnel 
eeplenish  the  supply.  If  the  clutch  is  suspected  of  chattering 
harsh  engagement,  the  first  step  is  to  make  sure  that  all  the 
lor  cylinders  are  firing  regularly  and  that  it  is  the  clutch 
k  is  at  fault.  If  the  clutch  drags  or  does  not  release  promptly, 
let  about  a  pint  of  kerosene,  running  the  motor  a  few  minutes 
k  the  clutch  disengaged  and  with  the  gears  engaged  in  the 
net.  This  holds  the  clutch  spider  or  disc  carrier  stationary, 
Kas  the  other  set  of  discs,  which  is  carried  by  the  clutch  case, 
lives  and  washes  the  kerosene  thoroughly  between  all  the  plates. 
mve  the  kerosene  after  this  operation  is  completed  and  refill  the 
eh  ease  with  new,  clean  oil.  The  clutch  operating  linkage  should 
obricated  every  day  and  the  grease  cups  just  to  the  rear  of 
Blntch  housing  should  be  turned  down  frequently. 
Examples  of  the  three  plate  clutch  construction  m  ^\v\dv  ^ 


666 


Automobile  Repairing  Made  Easy 


single  large  driven  member  is  used,  faced  with  rings  of  fri< 
material,  are  shown  at  Fig.  321.    That  at  the  left  is  the  Hi 
clutch,  the  spring  pressure  being  multiplied  by  a  bell  crank  wl 
presses  the  clutch  pressure  ring  against  the  driven  member 
brings  that  to  bear  against  a  suitably  machined  face  on  the 
wheel  web.     The  driven  member  is  carried  by  and  rotates 
the  shaft  used  to  transmit  the  power  of  the  clutch  to  the 
It  is  possible  to  compensate  for  wear  of  the  friction  faoei 
screwing  in  on  the  adjustment  screws  A  which  push  the  ring 
ber  carrying  the  bell  cranks  closer  to  the  pressure  ring, 
to  the  large  size  of  the  driven  member  this  type  of  clutch 
continue  to  rotate  after  the  clutch  spring  pressure  is  relc 
unless  a  clutch  brake  is  provided.     This  is  a  very  simple 
struction  consisting  of  a  plate  attached  to  and  turning  with 
shaft  supporting  the  driven  member  and  a  friction  pad  cai 
by  the  releasing  yoke.    The  general  construction  of  the  dutdii 
so  clearly  shown  that  further  description  seems  unnecessary. 

Another  form  of  three  plate  clutch  which  is  used  on 
models  of  the  White  automobile  is  shown  at  the  right  of  Fig. 
In  this  the  driven  plate  is  clamped  between  the  flywheel  face 
the  pressure  ring  by  a  force  exerted  against  a  pressure  wedge 
the  toggle  links  which  are  pressed  outward  by  the  usual  form 
coil  spring.  AVhen  it  is  desired  to  interrupt  the  drive  the 
ing  yoke  is  moved  so  that  the  clutch  spring  is  compressed  and 
toggle  links  pull  the  pressure  wedges  from  between  the  ini 
faces  of  the  pressure  ring.  A  variety  of  multiple  disc  clut( 
shown  at  Fig.  322,  all  of  these  operating  on  practically  the 
general  principles.  That  shown  at  A  is  used  on  the  CI 
automobile.  That  at  B  is  an  all  metal  disc  assembly  of  Fi 
design.  The  King  clutch  is  shown  at  C,  this  having  a  seriei 
adjusting  nuts  AAA,  which  may  be  used  to  augment  the  di 
spring  pressure  if  the  clutch  shows  any  signs  of  slipping, 
clutch  used  on  the  Hudson  cars  is  shown  at  D.  This  also  em] 
a  series  of  small  springs  having  adjusting  means  instead  of 
large  coil  spring  not  provided  with  any  compensation  for 
strength.  The  clutches  shown  at  A,  C  and  B  have  plain  metal 
alternating  with  heavier  plates  provided  with  cork 
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'clutch  plates 
'clutch  plate  carrier 


e  ioBtnictions  previously  given  in  connection  with  the  other 
tiple  disc  clutches  apply  to  these  forms  as  well. 
The  relation  of  a  multiple  plate  clutch  to  the  complete  power 
it  and  gear  boi  aaaembly  is  clearly  shown  at  "Fir.  ?>^.   "^^^ 
iple  dry  plate  elateb  shown  detached  irom  ttift  %ea.tw^-  "vsk* 


seiiiMy.     A  plan  view  of  Xhv  {ii-»r 


Fig.  323. — ExUmal  Oonstilctliig  I 

and  showing  the  mainshaft  and  th 
in  thia  illustration. 

Band  Olntdies. — Band  clutchp 
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or  soaked  with  oil  it  was  much  more  apt  to  slip  than  a  cooe 
I,  80  as  soon  as  the  leather  facing  had  worn  slightly  and  the 
tmeut  had  reached  its  limit,  it  was  necessary  to  reface  the 
This  was  done  in  the  same  manner  as  advised  for  replace- 
of  worn  cone  clutch  frictions,  though  more  care  is  needed  in 
g  off  the  face  of  the  leather. 


LOW  ftHO  HEVER3E  SHIFT  Gl:^R 
HIGH  AHD  INTERMEDIATE  SHIFT  GEAR 


Fig.  325. — Olntdi  and  GsUMt  of  191S  OadlUac  Antomol9U«. 

1  external  contracting  band  clutch  which  was  used  on  a  num- 
f  models  of  the  Haynes  cars  ia  shown  at  Fig.  323.  In  this 
tracting  band  is  tightened  around  a  steel  drum  attached  to 
ywheel  by  a  simple  leverage,  as  indicated.  An  adjusting 
was  provided  for  compensating  for  wear  of  the  chitch  band. 
ler  to  adjnst  the  band  the  locking  nut  was  unscrewed  and 
Ijuarting  screw  set  to  obtain  the  required  amount  of  friction 
contact. 
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inetary  (Searset  Bepairs. — The  simplest  form  of  geared 
&  speed  mechanism  is  the  planetary  gearset  in  its  various 
.  It  is  not  the  simplest  in  construction,  but  it  is  the  easiest 
trol.  At  the  present  time  planetary  gearing  is  seldom  used, 
actieally  all  automobiles  use  the  sliding  gear  type.  There 
lany  cars  of  early  design,  however,  which  use  this  form  of 
ig,  and  it  is  standard  equipment  on  the  Ford  automobile, 
us  planetary  gear  constructions  are  shown  at  Fig.  326.  That 
is  an  all  spur  type,  no  internal  gears,  such  as  were  employed 
e  early  forms  being  utilized.  The  shafts  are  divided,  the 
;  the  right  is  geared  to  the  crankshaft  and  drives  the  gear  C. 
A  is  a  running  fit  on  the  shaft,  while  gear  E  is  keyed  to  the 
at  the  left,  from  which  the  drive  is  taken.  Pinions  F,  D  and  B 
stened  together  on  one  common  shaft,  so  that  they  must  rotate 
nit  at  all  times.  Three  sets  of  these  gears  are  provided,  these 
spaced  equidistantly  in  the  carrying  case.  To  obtain  the 
{peed  ratio  a  contracting  band  is  clamped  around  the  hous- 
I,  and  w^hen  this  is  held  stationary  the  drive  is  from  the 
C  to  the  member  D,  from  gear  F  which  turns  at  the  same 
as  gear  D  to  the  large  driving  member  E  which  is  attached 
i  driving  shaft.  Reverse  speed  is  obtained  by  tightening  an- 
band  on  the  drum  B.  This  drum  is  attached  to  the  gear  A 
it  when  the  brake  is  applied  at  R  the  gear  A  must  remain 
oary.  On  reverse  speed  the  whole  gear  carrying  housing 
rotate  about  the  gear  A.  From  the  engine  shaft  the  power  is 
nitted  to  gear  C,  and  from  thence  to  gear  D.  As  three 
18  are  fastened  together  any  power  imparted  to  these  pro- 
motion of  F  and  B  also.  When  these  three  gears  rotate, 
B  is  forced  to  travel  over  A,  which  is  stationary,  and  thus 
ees  rotation  of  the  drum  L.  From  gear  D  the  power  is  trans- 
l  through  gears  F  and  E  to  the  rear.  To  obtain  a  high 
or  direct  drive  the  clutch  member  S  is  forced  against  the 
B  so  these  two  members  must  rotate  together ;  this  locks  the 
transmission  and  causes  it  to  rotate  as  a  unit ;  as  gear  A  is 
ed  to  the  drum  B  it  must  also  rotate  with  it  and  the  clutch  S. 
oeks  the  gears  F,  B  and  D  in  position,  and  as  they  cannot 
they  act  as  a  lock  for  the  entire  assembly.    The  dTiveiv  ^\\«lIV 
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at  the  left,  therefore,  turns  at  the  same  speed  and  in  the  s 
direction  as  the  driving  shaft  at  the  right,  which  is  connectei 
the  engine. 

The  planetary  transmission  used  on  the  Ford  automobil 
clearly  outlined  in  part  section  at  Fig.  326,  B ;  the  various  adj 
ments  and  operating  pedals  are  shown  at  Fig.  327,  and  a 
view  showing  its  location  relative  to  the  flywheel  of  the  eugin 
shown  at  Fig.  328.  The  various  adjustments  are  clearly  outli 
at  Fig.  327.  The  operation  is  practically  the  same  as  the  § 
shown  at  A,  there  being  three  groups  of  planetary  pinions  PJ 
and  K.  These  are  riveted  together  so  they  must  turn  at  the  fl 
speed.  Gear  P-1  meshes  with  gear  D,  which  is  keyed  to  a  dri 
member  attached  to  the  drum  C.  The  drive  gear  F  is  mounted 
the  end  of  a  bushing  which  is  riveted  to  the  brake  drum  D.  ! 
gear  L  is  attached  to  the  brake  drum  B.  The  clutch  is  a  muW 
disc  type  normally  held  in  engagement  by  a  coil  spring. 

Three  brake  bands  are  used  for  this  transmission,  the  one  t 
constricts  around  the  drum  C  is  the  foot  brake  and  acts  to  wft 
movement  of  the  car  regardless  of  whether  any  of  the  other  clutd 
are  engaged.  Tightening  a  band  around  drum  B  produces  a  i 
speed.  When  the  band  is  tightened  around  the  drum  V  or  I 
nearest  the  flywheel,  a  reverse  motion  is  obtained.  To  apply  eB| 
the  slow  speed  or  reverse  band  it  is  necessary  to  break  the 
driving  connection  by  releasing  the  clutch  spring  tension 
allowing  one  set  of  clutch  discs  to  move  independently  of, 
other  set.  One  set  of  the  clutch  plates  is  carried  by  the 
case  C  which  is  keyed  to  gear  D.  The  other  set  is  earned 
clutch  disc  carrier  which  is  supported  by  an  extension  of  ttaj 
gine  crankshaft  and  prevented  from  turning  by  a  set  screw 
ing  through  the  clutch  disc  carrier  hub  into  the  shaft. 
justment  of  the  Ford  clutch  is  a  very  simple  operation,  this 
sisting  of  releasing  the  sot  screws  in  the  clutch  fingers  by  pi 
out  the  split  pin  that  acts  as  a  lock  and  turning  in  the  a( 
screws.  The  slow  speed  adjustment  is  at  the  side  of  the  gear^ 
and  may  be  reached  without  removing  the  cover  plate  of  the 
mission  which  is  necessary  to  adjust  either  the  reverse  dutch 
or  the  foot  brake  band. 
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Another  planetary  transmission  which  is  incorporated  witk  J 
jack  shaft  unit  is  shown  at  Fig.  326,  C.  This  is  used  oii< 
Koehler  truck.  In  operation  it  is  the  same  as  that  shown  at 
as  three  brake  bands  are  provided,  one  acting  as  a  foot  bq 
while  the  other  two  provide  the  reverse  and  slow  speed  rsli 
respectively.  The  contracting  band  on  the  transmission  servo/j 
a  service  brake.  The  entire  jackshaft  unit  including  bevel  drill 
gears  which  derive  their  power  from  the  engine,  the  differeall 
and  brake  bands  are  enclosed  in  a  cylindrical  housing  extei 
across  the  frame  which  is  lubricated  by  oil  splash.  The 
shaft  revolves  on  long  main  bearings.  When  it  is  desired  to  a( 
the  high  speed  clutch  of  the  transmissions  shown  at  A  and  C 
necessary  to  release  the  locking  means  and  screw  the  spider 
ber  carrying  the  clutch  fingers  in  closer  to  the  drum  B  in 
transmission  shown  at  A,  while  in  the  Koehler  design  a 
spring  pressed  plunger  lock  is  provided.  When  it  is  desii 
tighten  the  clutch  this  plunger  may  be  withdrawn  and  the 
carrying  spider  screwed  around  as  much  as  necessary.  After 
adjustment  is  secured  it  is  locked  securely  by  dropping  the  ph 
in  one  of  the  holes  made  to  receive  it  on  the  dutch  female 

The  chief  trouble  with  a  planetary  transmission  results 
slipping  clutch  bands.     In  all  cases  these  are  provided 
justments  that  can  be  tightened  in  event  of  wear  of  the 
linings  up  to  a  certain  point.    When  the  friction  material 
thin^  new  brake  lining  must  be  riveted  to  the  clutch  band& 
must  be  taken  when  making  adjustments  not  to  tighten 
the  bands  too  much,  as  if  these  bind  on  the  drum  they  wiU 
duce  friction  which  results  in  heating  and  wearing  away  <A 
brake  lining  and  will  also  decrease  the  eflSciency  of  power 
mission.    Noisy  action  of  a  planetary  transmission  is  usually 
by  excessive  wear  in  the  gearing.    Slipping  of  the  high  speed 
may  be  easily  remedied  by  making  compensation  for  wear 
methods  of  adjustment  previously  described.    When  taking 
a  planetary  transmission  it  is  important  to  note  the  coi 
the  bushings  on  which  the  planetary  pinion  groups 
these  are  worn  or  if  the  pins  supporting  them  become 
size,  the  gears  will  rattle  when  in  use  and  the  ti 
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I  noisjr  on  low  and  reverse  speeds  and  when  in  neutral  position, 
wogh  it  will  be  silent  in  action  on  the  high  speed. 

The  brake  drum  surfaces  often   become   grooved,   and   these 
lay  be  deep  enough  as  to  seriously  reduce  the  strength  of  the 


w  Speed  and  Reverse  Bands. 
Planetary  Gears. 


Fig.  328. — Top  Vl«w  of  Two  SpMd  aad  BereiM  Planatuy  Gear 
EmploTAd  oa  Fold  Can. 


rake  drum.    Where  this  condition  is  noted  new  brake  drums  must 
«  provided,  though  in  some  cases  where  the  brake  drum  forms 
lart  of  the  gear  eontaining  case,  as  in  the  tr&Qsmm\tni  ^v«ti.  %X. 
,  it  max  *e  poaaible  to  turn  down  the  surface  eiioM^  w>  \Ici«X 
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ring  of  east  iron  or  Rteel  muy  be  shrunk  around  the  worn  dnuii| 
securely  retained  to  that  member  by  pinning.     It  is  also  j 
to  fill  in  very  deep  groovea  with  east  iron  melted  in  with| 
oxy-aeetyleiie  torch  and  then  machining  off  the  surplus  i 
in  a  lathe  or  grinder  to  bring  the  drum  to  proper  contour, 
gears  are  always  in  mesh  in  a  planetary  transmission  the  t 
these  members  are  not  likely  to  wear  much,  practically  all  t 


Fig.  329. — Metz  Friction  Disc  TTanemlsslon. 


preoiaiioii  existing  on  the  pliiuetary  gear  supporting  bnshia 
pins.     In  some  plant'tary  transmissions  the  brake  drum  li 
are  short  and  apt  to  wear.     This  also  produces  noisy  i 
these  bushings  mu.st  be  replaced  with  new  ones  when  worn.  J 
must  be  taken  that  all  retaining  keys  and  pins  are  not  i 
that  easing  retaining  screws  are  screwed  up  tightly.    The  1 
tions  giveu  for  multiple  disc  clutches  in  the  beginning  of  this! 
tcr  ap])ly  just  as  well  to  flic  clutches  used  in  planetary  t 
when  these  run  iu  an  oil  bath. 
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in  Drive  Faults  and  Bemedies. — ^Many  cars  have  been 
ughout  the  country,  but  more  particularly  in  the  Middle 
uipped  with  friction  or  rolling  traction  transmissions  of 
f?'pes.  The  simplest  form,  and  the  one  most  widely  adopted 
lobile  manufacturers,  consists  of  two  discs,  one  driven  by 
le,  the  other  attached  to  a  cross  shaft  in  such  a  manner 
n  be  moved  across  the  face  of  the  engine  driven  member 
he  various  speed  ratios.  The  mo^'able  disc  consists  of  a 
ast  iron  wheel  that  is  faced  wath  a  ring  of  compressed 
•d  or  other  fibrous  material,  that  driven  by  the  engine  is 

faced  with  an  aluminum-copper  alloy,  as  this  combina- 
been  found  to  give  the  best  results  and  transmit  power 
xcessive  pressure  to  maintain  the  parts  in  frictional  cou- 
rse drives  have  not  been  discussed  in  trade  prints  or  books 
as  the  geared  forms,  as  it  is  evidently  assumed  that  their 
'  makes  them  easy  to  understand  and  maintain.  While 
ery  little  to  get  out  of  order  or  cause  trouble,  it  is  possible 
;ulty  may  be  experienced  in  transmitting  power  and  the 
m  condemned  because  one  does  not  know  where  to  look 
le. 

ommon  trouble  is  failure  to  drive  properly,  and  this  may 
eed  by  a  number  of  distinct  conditions.  It  may  result 
imulations  of  oil  on  the  frictional  surfaces,  which  reduce 
nt  of  frictional  adhesion,  ** brooming"  of  the  fibrous  ma- 
»ar  at  the  face  of  the  aluminum  member,  spring  or  lost 
i  the  countershaft  or  lost  motion  at  the  various  members 
essure  linkage  that  would  prevent  positive  contact  of  the 
'lements.  If  the  bearings  supporting  either  the  cross  or 
ft  are  defective,  or  the  thrust  bearing  to  which  the  pedal 
is  applied  works  stiffly,  the  increased  friction  at  these 
.11  cause  serious  diminution  of  power.     In  case  slipping 

the  first  point  to  examine  is  the  contact  surfaces  and 
•e  that  there  is  no  excess  of  oil  between  them.  If  oil 
ire  seen,  they  may  be  removed  with  gasoline  and  the  sur- 
le  aluminum  plate  dusted  over  with  talc  or  Puller's  earth. 
jtal  surface  of  the  driving  member  is  scored,  grooved  or 
3,  it  should  be  restored  to  a  smooth  surface  by  refacing. 
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It  is  possible  to  do  this  with  a  scraper  without  removing  tli 
disc  from  its  shaft  aod  turning  it  with  the  engine  if  car 
in  manipulating  the  tool.  The  disc  should  be  turned 
speed,  and  after  the  surface  is  smoothed  to  a  certain  t 
that  the  grooves  are  nearly  eliminated,  it  can  be  surl 
moderately  fine  emery  cloth  held  in  a  suitable  wooden  ho 
moved  across  the  surface  by  hand.    If  the  grooves  are  vt 


Fig.  330.— Tli«  OarteTcw  Friction  Dlac 
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may  be  necessary  to  resurface  the  member  in  a  lathe  by  takiug 
l^ht  chip  oS  the  face  with  a  cutting  tool. 

The  paper  friction  ring  on  the  driven  wheel  flattens  out  witii 
K  and  does  not  last  long  if  thu  pressure  applied  to  keep  the  nieui- 
tn  in  contact  Is  unduly  liigii  and  tlie  surface  will  become  rough- 
Bed  as  well.  It  is  customary  to  renew  the  paper  ring  at  intervals 
■responding  to  about  2,000  to  3,000  miles  average  road  use.  If 
Hy  tendency  is  noted  for  the  driven  member  to  crowd  tnward 
t^ilge  or  center  of  the  aluminum  driving  disc  it  can  be 
rated  to  wear  in  the  countershaft  or  main  shaft  bearings  that 
I  either  member  to  sag,  and  then  the  line  of  contact  does 
me  at  the  center  of  the  discs  which  is  necessary  to  secure 
■  transmission  of  power.  Any  conditiou  that  will  jirevent 
live  or  true  contact  of  the  friction  members  will  cause  slipping. 
R  means  that  bearings  must  be  properly  maintained  and  that  all 
notion  in  the  operating  rods  or  pressure  levers  must  be  mini- 
The  countershaft  should  be  very  heavy  and  not  liable  to 
■  give  when  the  surfaces  are  brought  together,  and  the 
{Bieml>er  supporting  the  driving  plate  must  be  well  braced 
rong  giis.si't8  to  prevent  distortion  wlieu  pressure  is  applied 
^  contact  surfaces  to  maintain  friction  adhesion. 
I  typical  friction  transmissions  which  are  similar  in  priu- 
E  action  are  shown  in  accompanying  illustrations.  Tliat  at 
B  a  representation  of  the  friction  drive  of  the  ^letz  auto- 
The  view  at  Pig.  330  shows  the  arrangement  of  the  parts 
Jarttpr  car  friction  drive.  The  following  instructions  pcr- 
ftto  replacing  the  fibre  when  worn  applies  just  as  wi'll  to  both 
SInstrated.  One  of  the  good  qualities  of  the  friction  drive 
■  with  wHich  adjustments  and  rejilacements  are  made. 
:  shaft  wheel  or  driven  member  carries  what  is  termed 
■Old"  iti  the  Metz  car,  which  is  made  in  two  sections  to 
[for  '-iisy  •1i>4placement  as  well  as  renewal.  It  is  retained  by 
Kkin^'  I'fitid  st-cured  by  bolts  as  outlined  in  the  sketch.  For  a 
«■  wear  of  the  fibre  rings  is  automatically  taki'u  up, 
iafter  considerable  service  and  when  it  has  beeoine  so  worn  that 
B  elutcii  pedal  must  be  pushed  to  its  maximum  position,  a  new 
inatment  must  be  effected  in  tlie  distance  between  the  frictiwu 
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wheel  and  the  driven  member.  This  is  obtained  by  adjusting:  I 
nuts  on  the  clutch  pedal  and  the  drive  plate  bracket  rods  a 
with  the  clutch  pedal  released.  To  replace  a  worn  fibroid  witk 
new  one  the  bolts  are  removed  and  the  retaining  band  is  pnH 
off  of  the  driven  wheel.  The  worn  ring  is  removed  in  two  piei 
and  the  halves  of  the  new  member  are  placed  on  the  rim  and  fl 
ring  or  retaining  band  is  again  secured  to  the  wheel  by  the  bd 
The  parts  come  all  drilled  and  no  difficulty  will  be  experieinj 
in  replacing  the  new  fibre  friction  correctly. 

Trouble  in  Sliding  Grear  Transmission. — ^When  sliding  gri 
transmissions  are  employed  the  most  common  symptoms  of  deraii| 
ment  are  noisy  operation  and  trouble  in  shifting  gears.  The  diij 
culty  met  with  in  gear  shifting,  providing  the  trouble  is  not  oauij 
by  a  clutch  that  does  not  release  promptly,  is  usually  caused  1 
failure  of  the  edges  of  the  teeth  of  the  shifting  members,  aj 
when  these  have  burred  over  they  will  not  pass  readily  into 
spaces  between  the  teeth  of  the  gears  they  engage  with.  Aim 
cause  of  poor  gear  shifting  is  depreciation  of  the  bearings, 
cially  in  those  tyi)es  of  transmissions  using  plain  buahingn. 
wear  or  looseness  that  may  change  the  center  distances  of  the 
to  a  certain  degree  will  result  in  poor  meshing  because  the 
of  the  gear  centers  is  so  changed  that  the  pitch,  eirdefl  will 
coincide  and  the  tooth  of  the  entering  gear  may  bottom  onflM 
of  the  gear  with  which  it  should  mesh.  Noisy  operation  ^rfien 
due  to  mechanical  depreciation  is  usually  caused  by  a  del 
condition  of  lubrication.  If  the  gears  are  not  worn  too  much 
may  be  minimized  to  a  large  extent  by  filling  the  transmiasion 
with  oil  of  sufficient  consistency  to  cushion  the  gear  teeth,  and 
not  be  so  heavy  bodied  that  it  will  not  flow  readily  to  all  beai 
Difficulty  in  shifting  is  sometimes  due  to  binding  in  the 
levers  or  selective  rods,  and  all  points  of  the  gear  shifting 
nism  should  work  freely  if  prompt  gear  shifting  is  required. 

If  considerable  difficulty  is  experienced  in  meshing  the 
and  tlie  trouble  is  not  found  in  the  gearset,  it  will  be  well  to 
ine  the  clutch  to  see  that  the  driven  member  furnishing  poi 
the  gearset  primary  shaft  does  not  **spin"  or  continue  to 
after  the  foot  pedal  is  depressed.    It  might  be  stated  in  this 
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BURRED 
TEETH 
CAUSE 
CLASHING 


WORN  SHIFT 
YOKe  MAY 
LET  TEETH  RUB 


WORK  TEETH  CAUSE 
UBSE  EMGAGEMERT 


11. — View  of  Jeffery  TrauBmlsaion  with  Oover  Pl&te  B«itiOTod  it 
p,  Common  Causes  of  Poor  Qear  Shifting  Outlined  In  Low«r 
OBtratlon. 


that  on  most  of  the  modern  cars  having  clutches  of  such 
ction  that  spinning  may  result,  clutch  YrtaVea  aTfe  "^Tw\\ti 
s  are  used  constantly  tho  friction  pRd,  vjV^cNx  \?.  olXsii 
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limited  area,  may  wear,  in  which  ease  renewal  is  necessary  i 
restore  the  clutch  to  efficiency. 

Fortunately,  most  gear  boxes  are  built  in  such  a  way  that 
interior  may  be  readily  examined.    An  example  of  a  large  openil 
provided  in  a  gear  box  by  removing  a  cover  plate  is  shown  at 
top  of  Fig.  331.     This  is  the  gearset  used  on  the  JeflFery  fc 
cylinder  cars.    The  construction  of  the  various  gears  as  well  as 
selective  members  is  clearly  shown.    The  control  levers  are  atl 
to  the  transmission  cover  plate,  as  indicated,  but  may  be 
removed  >nth  the  cover  by  taking  out  the  bolts  holding  that  meml 
in  place  and  uncoupling  the  emergency  brake  actuating  rod. 
speed  selector,  which  is  actuated  by  the  gear  shift  lever,  fits  ii 
suitable  depressions  in  the  sliding  gear  shift  rod. 

In  some  transmissions  of  the  sliding  gear  type  the  high 
or  direct  drive  is  obtained  by  the  sliding  gear  which  provides 
intermediate  speed  having  a  suitable  extension  from  its  face 
signed  to  mesh  with  an  internal  gear  and  thus  form  a  posit 
driving  clutch  to  couple  the  gearset  main  shaft  portions  togel 
When  the  teeth  on  the  male  clutch  member  become  worn  coi 
erable  trouble  will  be  experienced  in  securing  positive  engagei 
and  if  the  wear  is  such  that  the  width  of  the  teeth  is  materii 
reduced  a  new  member  will  be  needed.    If  the  teeth  are  not 
but  are  only  burred  over  at  the  edges,  they  may  be  dressed 
proper  contour  by  using  a  very  small,  high  speed  emery  wheel 
the  end  of  a  flexible  shaft  or  by  removing  the  offending  mei 
and  frriiuling  it  in  any  suitable  machine. 

Some  jrarage  mechanics  will  anneal  a  gear  in  order  to  soften^ 
sufficiently  so  that  the  rough  piece  may  be  smoothed  with  a 
Attempts  are  afterward  made  to  harden  the  gear  and  seldom 
these  result  successfully.    In  modern  gear  boxes  chrome  and  ni< 
alloy  steels  are  used  which  demand  careful  heat  treatment  in  oi 
to  secure  the  best  quality  of  steel.     These  have  been  careft 
developed  by  scientific  laboratory  tests  and  heat  treatments 
seldom  duplicated  with  the  equipment  available  in  the  oi 
repair  shop.     The  repairman  should  not  anneal  gears  unless 
confident  that  he  can  treat  them  properly  in  rehardening. 
means  that  the  nature  of  the  stock  as  regards  its  chemical 
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>osition  must  be  known  and  that  the  best  quenching  point  for  that 
}artieular  alloy  must  also  be  determined.  The  use  of  a  small, 
ligh  speed  emery  wheel  will  make  it  possible  for  the  mechanic  to 
iress  the  gear  without  softening  it  or  altering  its  nature,  as  an 
jmery  wheel  will  cut  hardened  steel  very  easily. 

Whenever  an  old  gear  is  removed  and  is  to  be  replaced  by  a 
new  one,  it  is  well  to  make  a  rough  sketch  of  the  gear  you  desire, 
indicating  the  number  of  teeth,  the  pitch,  the  width,  the  diameter 
of  the  gear  and  the  size  of  the  hole  going  through  it.  This  insures 
the  receipt  of  a  gear  that  wall  fit  the  defective  gearbox,  and  not 
one  for  a  later  or  earlier  model  car  of  the  same  make  as  that 
worked  on.  When  the  cover  is  off  of  the  gearbox,  as  shown  at  the 
top  of  Fig.  331,  it  is  possible  to  test  the  amount  of  wear  between 
the  shifting  yokes  and  the  portion  of  the  sliding  gear  members  on 
which  they  fit.  On  some  selective  gearsets  there  is  not  much  space 
Jlowed  between  the  gear  teeth,  and  if  the  shifting  yoke  wears  it 
nay  be  possible  for  the  shifting  gears  to  rub  against  one  of  the 
ixed  gears  on  the  counter  shaft  and  produce  noise.  The  main  and 
ountershaft  bearings  may  also  be  inspected  and  tested  for  loose- 
less  by  grasping  the  shaft  firmly  and  attempting  to  move  them 
ip  and  down  or  from  side  to  side. 

If  the  various  components  of  the  gearset  are  found  defective 
he  gear  box  must  be  taken  apart  and  given  a  thorough  overhauling. 
!'he  means  of  accomplishing  this  depends  entirely  upon  the  design 
f  the  change-speed  gearing.  In  those  cars  where  the  gearset  is 
counted  under  the  floor  boards  as  a  separate  unit,  the  entire  gear- 
►ox  may  be  removed  without  disturbing  the  power  plant  or  clutch 
issembly.  Gearboxes  of  this  form  are  usually  of  the  horizontally 
livided  type,  and  when  the  top  half  of  the  gearbox  is  removed 
he  various  gears  and  shafts,  as  well  as  speed  selecting  members, 
ire  exposed  as  shown  at  Fig.  332,  A.  The  first  step  is  to  remove 
he  shifting  members  which  are  shown  shaded  at  A,  this  leaving 
he  main  shaft  and  countershaft  in  place  as  shown  at  B.  The 
lext  operation  is  to  lift  the  main  shaft  out,  which  leaves  the  gear 
)ox  as  shown  at  C.  After  the  primary  shaft  is  removed  only  the 
tountershaf t  assembly  and  the  reverse  stud  gear  ax^  \el\.  vcv  xj^r:^, 
1  shown  at  D.    Lifting  the  countershaft  out  leaver  oiv\y  W^i^^^'^'^^^ 
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gears,  the  shaft  to  which  they  are  keyed,  and  the  supporting 
■rings  and  their  housing,  is  replaced  in  position.  Next  the 
jmaiy  shaft  memher  is  put  in,  then  the  main  shaft,  and  lastly 
)  control  members  or  shifting  rods,  until  the  gearbox  is  again 
■bown  at  A,  and  ready  for  bolting  the  top  part  in  place. 
The  bearings  used  on  thg  ends  of  the  countershaft  are  often 
the  ball  form,  as  shown  at  Fig,  333.     Different  methods  of  re- 


ing  the  hearing  in  place  are  followed.     That  at  A  shows  the 

e  of  a  cap  screw  and  clamping  washer.     At  B  a  clamp  nut  is 

I  to  press  the  bearing  inner  race  firmly  against  the  shoulder 

I  tlie  shaft,  while  a  lock  nut  keeps  the  clamp  nut  in  place.     A 

r  simple  method,  and  one  that  is  entirely  satisfactory,  is  shown 

I  C.     This  consists  of  grooving  the  end  of  the  shaft  circumfer- 

Hy  and  putting  in  a  split  ring,  as  shown  at  C.     A  common 

I  of  retaining  the  bearing  inner  race,  and  one  recommended 

I  bearing  manufacturers,  is  shown  at  D,     After  the  clamp 

^*s  broDgbt  tightly  against  the  face  of  the  inner  race  a  locking 
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wire  is  sprung  around  the  nut  and  the  point  entered  into  a  ! 
drill  hole  which  goes  tlirough  the  nut  into  the  shaft  as  inc 
Another  method  having  much  in  its  favor  is  shown  at  E. 
a  double  row  ball  bearing  is  pressed  against  the  shoulde 
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Fig.  33J. — DlAgram  Sbowlng  Oonstractlon  of  National  TIma  Sp 
Sliding  0«umb 

tlaniping  i;ut  which  is  separated  from  the  bearing  inner  I 
a  locking  washer  of  tlie  form  shown  at  E'.  This  has  one  pro 
on  its  iiiuiT  periphery  designed  to  engage  a  kcyway  cut 
shaft.  Tlie  jirojection  on  the  outer  periphery  is  intended 
bent  around  one  of  the  facets  of  the  nut  to  hold  it  in  plac 
it  has  been  firmly  seated  against  the  locking  washer  and  1 
inner  race.    Complete  instructions  for  the  maintenance  and 
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I  of  ball  bearings  and  other  anti-friction  forms  will  be  found 
lapter  IX,,  which  deals  with  rear  axle  construction. 
16  construction  of  a  typical  three  speed  forward  and  reverse 
ive  transmission  showing  ball  bearings  and  gear  shift  members 
irly  shown  at  Fig.  334.  This  has  the  gear  shaft  and  emergency 
levers  carried  by  a  suitable  supporting  casting  forming  part 


;  gear  case  cover.  In  this  gear  bos  single  row  ball  bearings 
ted  at  all  points,  except  to  support  the  telescoping  end  of  the 
shaft,  which  fits  into  the  primary  shaft  and  wliich  rotates 
■oiler  bearing.  The  primary  shaft  is  supported  by  two  single 
learings,  the  outer  one  being  clamped  so  it  holds  tlie  shaft 
'  wliile  the  inner  and  larger  one  has  a  floatio^  owl^t  twi^. 
a  ball  bearing  is  clamped  on  both  inner  and  ouVe^  TWiKa  ^"^ 
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will  take  end  thrust  as  well  as  radial  load.  A  thrust 
an  endwise  load,  while  a  radial  stress  ia  a  load  applie 
up-and-down  direction  or  sidewise.  In  this  gearset  tl 
inner  races  on  tlie  countershaft  are  pushed  on  tightly,  t 
a  force  fit  on  the  shaft  ends.  No  retention  means  are 
The  general  construction  of  this  gear  box,  which  is  thi 
National  cars,  is  so  clearly  shown  that  further  descrip' 
necessary. 

A  tliree  speed  and  reverse  sliding  gear  set  that  fori 
the  rear  construction  on  Overland  ears  is  clearly  shoi 


^emi/tt/is  soiTs 


Fig.  336. — Foot  Speed  SalectlTe  Sliding  Oeusot  of  ApproTM 


335.  In  this  the  primary  shaft  is  carried  on  single  i 
row  ball  bearings,  while  the  end  of  the  main  shaft  to 
bevel  driving  pinion  is  secured  is  supported  by  a  large  ■ 
bearing  which  is  capable  of  taking  end  thrust  and  rad 
combination.  The  single  row  bearings  on  the  end  of  tl 
shaft  are  siibjcett'd  to  radial  loads  only  as  the  counters! 
from  end  movement  by  simple  thrust  members  compose) 
ball  fitting  into  nn  adjustable  screw  plug.    The  gear  shi 
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ire  attached  to  the  gear  shifting  shafts  by  means  of  taper  pins 
Rhich  may  be  driven  out  to  release  the  forks  and  permit  of  taking 
the  transmission  apart  by  removing  pipe  plugs  in  tlie  side  of  the 
gear  case  which  givfs  ncoess  to  the  retaining  pins  when  the  sliding 
gear  members  are  in  the  neutral  position  as  mdica\i^i\. 

la  some  gear  bi)\es,  especialiy  those  used  on  Xugtv-^'cXtfti.  ^"'i.''-' 
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mobiles,  the  gears  are  in  the  form  of  rings  which  may  be  bolted  I 
the  shifting  members  and  to  flanges  on  the  countershaft  as  shown  i 
Fig.  336.  The  point  achanced  in  favor  of  this  construction  is  thi 
it  is  possible  to  renew  only  the  defective  toothed  ring  instead 
replacing  an  entire  shifting  member  as  is  necessary  when  the 
and  hubs  are  formed  integrally.  It  is  also  contended  that  the 
of  bolts  to  hold  the  gears  firmly  against  flanges  machined  int< 
with  the  countershaft  makes  for  more  secure  attachment  than 
cheaper  method  of  keying.  The  gear  box  design  showTi  is  used  oi 
on  high-powered  cars,  where  secure  means  of  retaining  the 
are  absolutely  necessary.  A  gear  box  of  this  design  is  very 
to  manufacture,  but  it  is  cheaper  to  keep  it  in  repair  than 
simpler  forms. 

The  change  speed  gearing  is  often  combined  on  the  rear 
as  shown  at  Fig.  337.     This  outlines  a  top  sectional  view  thi 
the  rear  construction  and  a  side  sectional  view  showing  the 
position  of  parts  very  clearly.    It  will  be  observed  that  the 
pinion  carried  on  tlie  back  of  the  main  shaft  drives  the  bevel 
gear  attached  to  tlie  differential  housing  directly.    As  the  gear 
is  part  of  the  rear  construction  it  is  possible  to  secure  exact  ali( 
iiient  between  the  driving  gears,  and  no  power  is  lost  due  to  fai 
alignment  between  these  members  as  may  sometimes  occur  wl 
the  gear  box  and  rear  axle  are  separate  components  and  the  fi 
is  distorted  due  to  rough  roads. 

A  four  si)eed  gear  box  having  clutch  integral,  a  somewhat 
common  construction,  is  shown  at  Fig.  338.     This  design  is 
on  some  models  of  the  Winton  automobile.     Three  shifting  y 
are  used,  shift  meml)er  A  controlling  the  direct  drive,  which 
this  case  is  a  third  speed,  and  the  second  speed.    Shift  member 
^nves  tlie  first  or  lowest  forward  speed  and  the  reverse  ratio.   SI 
uu'iiibcr  C  is  used  to  engage  the  fourth  speed,  which  is  a  high 
obtained  tlirouph  si)eeding  up  gears  instead  of  reduction 
Witli  jreai*  sets  of  this  character  all  normal  driving  is  intended 
be  done  on  the  tliird  speed  or  direct  drive.    The  geared-up  foi 
si)ee(l  is  called  uj^on  only  when  conditions  are  favorable  and 
vehieli*  speed  is  desired.    This  gearset  is  a  form  in  which  but 
elearnnce  obtains  l)etween  the  shifting  members  and  the  non- 
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and  is  a  form  where  depreciation  of  the  shifting  yokes 
t  in  the  gears  grating  even  when  in  neutral  pogition. 
se  forms  of  gear  boxes  where  the  ends  of  the  shafts  are 

by  single  row  ball  bearings  with  no  special  provision 
hruat,  noisy  action  may  result  in  a  very  short  time  due 
nment  of  the  ball  bearings  at  the  end  of  the  shaft.  Wlien- 
Jiifting  members  are  moved  to  change  a  gear  a  pressure 
■1  to  100  pounds  is  exerted  through  the  shifting  yokes  on 
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-TLe  Winton  Four  Speed  Sliding  Qeanet,  Baring  Qeued  Up 
Speed,  and  witb  Clutch  Oarrled  In  Gear  Case  Eztenalon. 

g  gear  members,  and  if  these  do  not  engage  promptly 
ure  becomes  an  end  thnisft  in  the  ball  bearing.  It  is  only 
le  are  new  and  practieally  unused  that  this  pressure  can 
d  without  pushing  one  of  the  ball  races  a  trifle  out  of 
the  other.  As  soon  as  the  wear  in  a  radial  ball  bearing 
to  a  few  thousandths  of  an  ineli,  which  does  not  appre- 
jct  the  radial  capacity  of  the  bearing,  the  balls  can  yield 
rust  or  lateral  pressure  to  a  certain  e.\tent  and  an  end- 
ement  of  the  shaft  results  whenever  an.  end  ftvtwaX.  Sa 
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applied  due  to  poor  engagement  of  the  shifting  gears.  It 
only  the  pressure  from  the  gear  lever  that  must  be  taken 
account,  but  the  endwise  shocks  received  in  changing  from  a 
to  a  high  gear  also  assist  in  producing  depreciation  at  the 
The  theoretically  correct  parallelism  of  the  main  and  counter 
is  eventually  lost  if  a  suitable  allowance  in  the  dimensions 
tiiflferent  ball  bearings  does  not  serve  to  equalize  the  wear  dl 
radial  load  in  the  ball  bearings  at  both  ends  of  each  shaft 
the  gear  tooth  pressure  is  highest  at  the  ends  where  it  is  t 
mitted  with  a  large  speed  reduction  to  the  low  gear,  this 
applies  specially  to  commercial  vehicles  in  which  the  low  gi 
used  more  than  in  pleasure  car  service. 

Where  the  use  of  special  end  thrust  bearings  is  eonsiderei 
expensive,  adjustable  hardened  end  thrust«sustaining  members 
as  shown  at  Figs.  335  and  338,  may  be  used  at  the  ends  o 
countershaft.    Owing  to  the  lack  of  solidity  of  aluminum  gea 
castings,  it  is  usually  the  plan  in  constructions  of  good  d 
such  as  at  Figs.  332,  334  and  336,  to  mount  the  bearings  in 
steel  or  bronze  housings  in  order  to  enlarge  the  areas  over 
the  bearing  pressures  are  transmitted  to  the  soft  aluminum.    N 
gear  box  action  is  sometimes  produced  due  to  thin  gear  box  ^ 
which  possess  sound  magnifying  qualities,  and  this  feature  a 
may  multiply  the  volume  of  noise  that  would' normally  be  caij 
by  the  gear  action  three  or  four  tim^s,  especially  if  the  bearings  i 
located  in  such  a  way  as  to  set  the  gear  box  ip  vibration  when  wd 
The  only  way  noise  can  be  reduced  is  by  keeping  the  T>all  bearii 
in  proper  condition  and  filling  the  ge^i^set  with  a  viscous  lubrica 
such  as  pure  mineral  grease,  which  will  provide  a  cushioning  eff 
against  the  vibration  produced  by  roughness  in  either  gears 
bearings. 
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CHAPTER    YTII 

FAULTS    IN    CHASSIS    COMPONENTS 

hassis  Types — Dismantling  a  Chassis — Straightening  a  Bent  Frame — ^Truss- 
ing a  Weak  Frame — Repairing  Cracked  Side  Member — Care  and  Repair 
of  Springs  and  Spring  Parts — Compensating  for  Steering  Gear  Deteriora- 
tion— Drag  Link  and  Tie-Bar  Repairs — ^Testing  Wheel  Alignment — 'Radius 
Rods.  Torque  Members  and  Control  Linkage — Universal  Joint  Forms  and 
Troubles — Front  Wheel  Adjustment — ^Muffler  Faults — Chassis  Lubrication 
— Locating  Acetj^lene  Gas  Leak. 

EvEX  after  the  power  plant  and  gearset  have  received  attention, 
^re  are  numerous  points  about  the  chassis  of  the  car  that  should 
inspected  if  a  thorough  overhauling  is  called  for.    The  chassis 
any  well  built  car  wdll  need  but  very  little  attention  if  the 
ious  parts  are  well  oiled  until  it  has  been  used  from  ten  to 
teen  thousand  miles.     After  this  distance  has  been  covered,  the 
>torists  will  probably  be  annoyed  by  a  series  of  squeaks  and  rat- 
even  though  the  engine  and  gearset  are  in  perfect  running 
idition.     These  rattling  noises  indicate  wear  at  a  number  of 
Ltively  unimportant  bearing  points,  and  even  though  the  depre- 
ion  is  slight,  the  looseness  at  the  multiplicity  of  small  joints 
produce  a  noise  that  will  be  unmistakable  whenever  the  car 
operated  on  other  than  perfectly  smooth  highways.    Among  some 
Ihe  things  to  be  looked  for  are  wear  in  the  various  control 
;e  members,  sagging  or  bent  frame  side  members,  loose  cross 
ibers  or  gusset  plates,  due  to  rivets  having  loosened  up  in  ser- 
;  stiff  action  of  the  springs,  due  to  rust  accumulating  between 
leaves ;  looseness  in  the  steering  gear  and  steering  connections, 
of  alignment  of  the  front  and  rear  wheels,  looseness  of  the 
1  hub  bearings,  and  numerous  other  conditions  that  will  be 
lerated  and  discussed  in  this  and  the  following  eViapl^T. 
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^jrpes. — ^Before  discussing  the  points  to  be  inspected 
ler  of  making  repairs  when  defects  are  found,  it  may 
icribe  briefly  some  of  the  typical  chassis  constructions 
.  the  novice  repairman  may  get  an  idea  of  the  rela- 
)arts  in  cars  of  conventional  design.  The  side  and 
f  a  National  four-cylinder  chassis  are  shown  at  Fig. 
important  components  being  clearly  indicated.  This 
iered  a  good  example  of  higli  grade  car  construction 

power  plant  and  change  speed  gearing  are  separate 
apparent,  the  engine  may  be  removed  from  the  frame 
irbing  the  change  speed  gearset  while  the  gear  box 
a  out  witliout  requiring  the  removal  of  the  engine, 
construction  of  this  chassis  is  conventional  and  follows 
iitomobile  engineering  practice.  It  has  the  virtue  of 
arts  readily  accessible  so  that  repairs  may  be  easily 
t  disturbing  other  components  except  those  that  are 

upon, 
dew  at  Fig.  340  shows  a  chassis  of  recent  development 

the  Cadillac  Company  which  is  provided  with  an 
:  V  engine  having  the  transmission  gearing  incorpor- 
;  with  the  engine  crankcase.  This  construction  is  more 
n  the  usual  unit  power  plant  is,  owing  to  the  design 
B  of  removing  the  transmission  case  from  the  engine 

disturbing  the  power  plant.     In  all  other  respects 
follows  conventional  practice.     The  important  parts 
lown  and  no  difficulty  should  be  experienced  in  iden- 
on  the  actual  chassis, 
rman  will  be  more  often  called  upon  to  repair  motor 

future  than  he  lias  been  in  the  past  on  account  of 
^  popularity  of  the  heavy  duty  vehicle.  The  chassis 
in  the  main  follows  the  design  established  in  pleasure 
excepting  for  the  use  of  much  stronger  parts  and  a 
ise  standard  structural  steel  shapes  for  frames  instead 

pressed  steel  side  members  commonly  found  in  pleas- 
;e.  The  average  truck  chassis  will  have  a  pronounced 
r  the  front  and  rear  axles  in  order  to  obtain  a  body 
dze  without  unduly  increasing  the  wlieeV  W"8fe.    Qc^«c 


696  Automobile  Repairing  Made  Easy 


Tig.  342. — Plan  VIctt  oI  Ti^Vtsl  Obiin  DrlTan  Motor  Truck 
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io  not  differ  materially  in  construction  as  far  as  rela- 
is  concerned  from  pleasure  cars  of  the  present-day 
3rra  drive  and  double  reduction  axles  are  fapidly 
and  the  conventional  side  chain  drive  construction 
.  of  the  trucks  have  been  built  is  gradually  being 
ie  more  modem  forms  having  a  live  axle  instead  of 
rotating  member  shown  at  Fig.  342.  It  will  be  re- 
those  who  have  had  automobile  experience,  dating  a 
irs  back,  that  many  of  the  powerful  pleasure  cars 
1  side  chain  driving  systems.  The  power  transmission 
shaft  which  was  practically  a  live  rear  axle  having 
e  axle  ends  instead  of  wheels,  and  from  that  member 
eels,  which  were  revolved  on  a  nonrotatable  axle  by 
ing  chains.  The  process  of  taking  down  a  motor 
nd  the  points  to  inspect  for  depreciation  would  not 
ly  from  that  used  in  repairing  a  pleasure  car  assem- 
o  the  use  of  solid  rubber  tires,  a  motor  truck  is 
luch  more  vibration  than  a  pleasure  car,  and  con- 
}  attention  should  be  given  to  the  running  gear 
may  become  loose  much  sooner  than  on  the  pleasure 
of  the  load  is  carried  by  very  resilient  pneumatic 

on  automobile  repairing  would  be  complete  without 
}  of  the  Ford  model  T  automobile,  which  is  the  most 
lotor  vehicle  in  the  world.  The  reader's  attention 
the  very  clear  sectional  view  shown  at  Fig.  343  for 
arrangement  of  parts  on  tliis  universally  used  motor 
ous  parts  are  clearly  outlined  and  may  be  located 
the  leader  lines  to  their  termination  at  the  arrow 
her  end  indicates  tlie  name  of  the  component.  The 
ig.  344  gives  an  idea  of  the  appearance  when  viewed 

g  a  Chassis. — The  various  steps  incidental  to  dis- 
)tor  car  chassis  to  give  all  parts  a  thorough  over- 
wn  at  Fig.  345.  The  plan  view  showing  the  appear- 
issis  of  a  Locomobile  car  at  A  denotes  the  appearance 
and  fenders  have  been  removed,    ll  la  ^^w^:^^  ^^l- 
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visable  to  remove  the  body  and  the  mud  guards  befor 
is  done  upon  the  chassis,  and  in  case  of  an  extended  < 
much  time  can  be  saved  by  sending  the  body  and  gu 
paint  shop  while  work  is  being  done  on  the  chassis, 
sirable  because  the  finish  of  the  body  is  much  more  imj) 
that  of  the  chassis  parts,  and  it  takes  more  time  for 
to  do  an  enduring  painting  job  on  the  body  than  on  t 
gear.  The  next  step  is  to  remove  the  running  boards  a 
board  irons,  if  these  members  are  fastened  to  the  fraii 
If  the  running  board  supporting  members  are  riveted  tc 
it  is  not  necessary  to  remove  these  unless  the  frame  side 
to  be  re-enforced.  The  wlieels  are  removed  from  tlie 
rear  axles  and  the  frame  supported  by  special  jacks.  Tl 
easily  made  by  using  substantial  cast  iron  base  plates  a 
in  diameter  in  which  a  piece  of  two-incli  pipe  is  s( 
sliding  arm  of  cast  iron  made  with  either  a  cam  or  g 
or  having  a  strong  set  screw  to  keep  it  in  place  when 
the  proper  height,  is  adapted  to  move  up  and  down  th 
some  cases  holes  are  drilled  through  the  pipe  and  a  stc 
through  it  on  which  the  supporting  arm  is  allowed  to  i 
frame  supports  have  the  advantage  of  not  interferin 
removal  of  the  various  chassis  components  as  they  supf 
weight  directly  under  the  frame  sides  instead  of  tlirou 
dium  of  the  axles  and  springs  as  the  ordinary  lifting 
Four  of  these  stands  are  used,  two  on  each  side  of  the  • 
The  appearance  of  the  chassis  with  the  running  1 
wheels  removed  is  shown  at  Fig.  345,  B.  The  next  st< 
move  the  radiator,  the  steering  gear  and  the  change 
controlling  members.  The  clutch  and  brake  pedal  cross 
also  be  taken  from  the  chassis  at  this  time.  This  leaves 
in  the  condition  shown  at  C,  Fig.  345.  The  next  step 
oflf  the  rear  axle,  including  the  propeller  drive  shaft,  U. 
ber  and  radius  rods.  The  chassis  then  has  the  appearaii 
After  the  removal  of  the  cliange  speed  gearing  the  pai 
shown  at  E.  The  dashboard  assembly  and  the  engine  are 
off  the  frame,  which  leaves  the  frame  as  shown  at  F.  A 
only  the  front  axle  and  xea^r  s\)rings  are  retained.    TN'I 
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parts,  including  the  front  axle  and  the  front  and  rear  spring 
removed  nothing  but  the  bare  frame,  as  shown  at  G,  is  left. 

It  is  seldom  necessary  to  strip  a  car  down  to  the  point  i 
at  F  or  G,  unless  repairs  are  needed  on  the  frame  and  the  in 
parts  cannot  be  reached  with  the  various  power  plant  aud 
mission  units  in  place.  The  reason  for  the  removal  of  such 
as  the  motor,  steering  gear,  change  speed  gear  box  and  ai 
that  these  can  always  be  more  conveniently  worked  on  if  supi 
on  special  stands  adapted  to  receive  them.  Many  of  these 
been  described  in  an  earlier  chapter  when  speaking  of  shop 
ture.  Obviously  the  process  of  reassembling  would  be  just  t 
verse  of  that  outlined  for  taking  the  chassis  apart.  Starting 
the  bare  frame  shown  at  G,  one  would  add  the  spring:s  aiul 
axle  as  at  F,  then  install  the  power  plant  and  dashboard  ass 
as  at  E,  couple  up  the  change  speed  gearing  as  at  D,  then  i 
the  rear  axle  and  the  various  connections  as  at  C.  The  st( 
gear,  radiator  and  various  control  rods  and  levers  would  tl 
put  in  place,  as  well  as  the  muffler  assembly,  which  would 
the  chassis  to  the  almost  completed  state  outlined  at  B.  The 
tion  of  the  running  boards  and  their  supporting  irons,  the 
brakes  and  brake  rod  linkage,  would  then  complete  the  ch 
shown  at  Fig.  345,  A. 

The  various  retention  means,  such  as  bolts  and  lock  wa 
well  as  otlier  forms  of  lock  members,  are  described  in  the 
dealing  with  special  repair  processes.    The  most  common 
nut  retention  is  by  employing  a  split  pin  in  connection 
castellated  nut.    A  number  of  tools  have  been  described  fo: 
pin  removal,  but  many  owners  of  cars  do  not  possess  anyt 
the  tools  furnished  with  tlie  repair  kit.     Two  methods  < 
this  work  easily  which  do  not  require  the  use  of  a  special 
shown  at  Fig.  346.    One  of  the  best  ways  for  getting  an 
split  pin  out  of  the  hole  is  shown  at  the  top  of  the  ill 
The  pin  is  grasped  between  the  ordinary  combination  p 
and  a  hammer  is  used  against  the  plier  to  draw  out  the 
other  method,  which  is  shown  below,  consists  of  inserti 
drift  pin  or  nail  set  through  the  hole  in  the  cotter  pin 
then  striking  the  drift  with  a  hammer.    It  will  be  found 
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1  of  the  pin  will  be  expedited  considerably  by  squeezing  the 
gether,  if  they  are  spread,  with  the  pliers  before  attempting 
draw  the  pin  from  the  hole. 
?ry  good  method 
sorting  the  front 

•  end  of  a  mo- 
frame,  if  there 

•ejecting  parts, 
vn  at  Fig.  347. 
onsists  of  plac- 
flat  bar  of  steel 
the  frame  just 
f  the  spring 
and  by  using  a 
I  liorse  or  trestle 
the  iron  bars  to 

0  r  t  tlie  weight 
vehicle.      The 

V  mav  then  be 
off  without  dis- 
r  the  axle  and 
^  connection,  if 
-e  the  only  mem- 
lat  demand  at- 
.  If  it  becomes 
rv  to  move  the 

any  time  while 
rse   is  in  place, 
ice  between  the  frame  and  axle  may  be  filled  by  blocks  of 
which  become  temporary  spacing  members  and  which  will 

the  weight  of  the  car  to  rest  on  the  axle.    The  same  method 

*  u.sed  in  supporting  the  frame  in  event  of  a  complete  over- 

1  being  necessary. 

aightening  Bent  Frame  Member. — One  of  the  most  common 
i  to  a  frame  is  straightening  a  spring  horn  or  dumb  iron  in 
)f  a  collision.  A  very  simple  and  effective  method  of  per- 
g  this  work  is  shown  at  Fig.  348,  providing  that  the  fraov^^ 


Fig.    346. — Simple    Method    of    Extractiiig 
Split  Cotter  Pins. 
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Fig.  347. — OntUnlng  Motliod  of  SnpporUng  Front  End  of  A 
Ftama  Wbon  It  la  Daalnd  to  Romora  Eltliar  Fnmt  Spiingt 


Fig.  348.— Showing  Metltod  of  Stralgbtonlag 
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r  bent  forward  of  the  radiator  support  and  that  the  shock  lias  not 
racked  or  materially  injured  the  metal.  If  the  frame  side  is 
racked  it  will  be  well  to  straighten  it  to  its  original  form  and  then 
II  in  the  cracks  with  new  steel  by  the  oxy-acetylene  process.  .If 
fee  frame  is  merely  bent,  straightening  to  its  original  form  will  be 
il  that  is  necessary  to  effect  a  permanent  repair.  The  radiator 
lould  be  removed,  as  well  as  the  front  axle  and  the  springs.  The 
ront  of  the  machine  is  supported  by  blocking  under  the  frame 
bembers  or  by  any  suitable  stand.  The  body  should  be  raised  from 
tB  chassis  about  four  inches  at  the  front  end  so  that  a  loop  of 
lain  can  be  passed  around  the  frame  member  to  act  as  an  anchor- 
je  for  a  piece  of  joist  used  in  straightening  the  side  members. 

A  piece  of  sheet  steel  is  placed  under  the  frame  and  supported 
^  the  box,  the  top  of  which  has  been  covered  with  about  3  inches 
^aand.  A  rough  furnace  may  be  constructed  of  firebrick  and  the 
Bfeme  covered  with  charcoal,  a  slab  of  firebrick  ser\'ing  to  keep 
fee  heat  confined  to  the  bent  portion  of  the  frame.  A  large  gaso- 
ne  blow  torch  is  employed  in  connection  with  the  burning  charcoal 
Bid  sufficient  heat  is  applied  to  bring  the  frame  side  to  a  cherry 
M  heat  for  several  inches  each  side  of  the  bend.  The  torch  is 
It  aside  and  while  one  man  carefully  manipulates  the  jack,  which 
best  placed  against  a  piece  of  board  resting  on  the  frame  member 
;  the  point  where  the  engine  support  is  bolted  or  where  a  cross 
rmce  is  riveted,  an  assistant  facilitates  tlie  work  by  hammering 
fed  contouring  the  heated  section  to  bring  it  back  into  shape.  A 
jBcksmitli's  ** flatter**  should  be  interposed  between  hammer  and 
)anie  in  order  not  to  dent  the  frame  side,  as  might  be  done  if 
ie  hammer  blows  were  directed  against  the  heated  member.  The 
fe^aightening  can  be  done  only  while  the  frame  member  is  hot 
JBiigh  to  show  color,  and  as  soon  as  the  redness  is  lost  the  torch 
put  be  again  applied  to  heat  the  bent  section  before  any  further 
is  done.  A  block  of  wood  may  be  interposed  between  the 
e  channel  so  the  chain  or  bar  loop  at  either  end  of  the  beam 
not  crush  in  the  metal  where  pressure  is  applied.  The  sketch 
ly  shows  the  manner  of  doing  the  work  and  the  use  of  the 
to  effect  a  very  satisfactory  restoration. 

'Tkustiiig  Weak  Frame. — The  frame  side  members  someXlvrnft^ 
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sag  after  the  ear  has  been  used  for  a  period,  especially 
operated  at  high  speeds  over  rough  roads,  or  in  the  case  of 
truck  that  has  been  made  to  carry  overloads.  A  weak  cha 
tion  member  of  this  character  can  be  made  stronger  by  < 
two  methods.     It  may  be  re-enforced  by  a  plate  rivete< 


i--i 


/*> 


Pig.  349. — Methods  of  Repairing  Cracked  Frame  Side  Mei 


interior  or  it  may  be  trussed  by  truss  bar  and  turnbuckle 
ment.     Sometimes  a  plate  is  added  to  both  inside  and  o 
the  frame  and  the  whole  held  together  by  rivets  or  bo 
best  method  where  conditions  permit  is  to  use  the  inside  n 
ment  as  shown  at  Fig.  349,  B.    When  correctly  applied, 
portions  properly  worked  out,  this  results  in  the  greatest 
The  sketch  shows  two  common  methods,  one  correct,  the 
correct.     Instead  of  using  a  wide  flat  plate,  slightly  g 
height  than  the  inside  distance  between  the  upper  and  low 
of  the  channel,  the  re-enforcing  member  should  fit  the  ii 
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le  channel  closely,  as  at  B.  The  wide  plate  method  shown  at  A 
?wrong  for  two  reasons,  the  first  being  that  the  main  frame  gains 
Itle  strength  from  the  plate  and  but  a  small  amount  from  the 
■tening,  where  the  mounting  is  such  that  these  are  subjected  to 
temal  stresses  which  may  break  them  without  considering  the 
ternal  forces  acting  on  the  frame.  The  fillet  in  the  corners 
*  the  channel  make  the  accurate  fitting  of  such  a  plate  a  very 
3ious  job,  so  that  usually  a  compromise  is  accepted  and  the  re- 
forcing  members  driven  in  by  brute  force. 

The  repair  plan  outlined  at  B  is  a  much  better  one,  as  in  this  a 
de  sheet  of  fairly  thick  metal  is  forged  to  channel  shape  so  it 
%  the  inside  of  the  frame  closely.  The  contour  of  the  interior 
the  section  may  be  readily  found  by  making  a  template  of  light 
Bet  metal.  The  re-enforcing  member  sliould  be  just  a  trifle  larger 
in  the  interior  of  the  frame,  as  it  must  be  driven  in  place  when 
iembled.  It  is  then  attached  to  the  side  as  well  as  at  the  top 
d  bottom  of  the  channel  by  bolting  or  riveting.  These  fastenings 
id  much  stiffness  and  strength  while  the  placing  of  the  retaining 
Its  or  rivets  will  not  allow  of  any  shifting  of  parts  after  the 
•enforcing  plate  is  once  installed.  While  it  requires  a  little  more 
be  to  make  than  the  former,  it  will  give  considerably  more 
^ngth  and  last  many  times  as  long.  If  the  weak  spot  or  crack 
mt  only  one  point,  a  ten-inch  plate  will  do,  but  if  the  weak  zone 
!Wider  than  this  greater  lengths  must  be  used.  The  method  out- 
feid  to  the  right  of  B  involves  placing  plates  on  both  sides  as  well 
/top  and  bottom  of  the  spring  horn.  This  repair  is  an  unsightly 
p  and  a  much  better  repair  can  be  made  by  using  the  autogenous 
fcdiTig  process  instead  of  the  clamping  plates.  No  matter  what 
is  employed,  it  is  necessary  to  bring  the  injured  portions 

le  frame  together  in  the  same  relation  they  occupied  before 
ring. 

i^ing  side  members  in  cars  of  the  form  where  the  engine  and 

box  are  separate  units  may  not  be  apparent  except  by  diflS- 
in  gear  shifting,  owing  to  lack  of  alignment  between  the 
and  gearset  shaft  or  binding  in  the  gear  shifting  mechanism. 

condition  is  specially  noticeable  in  cars  using  wood  frames. 

1  the  construction  permits,  a  truss  rod  forms  a  very  eiSfteXAN^ 
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means  of  straightening  up  a  sagging  side  member  and  preve 
a  recurrence  of  that  trouble.  The  illustration  at  the  lower 
of  Fig.  349  shows  one  method  of  re-enforcing  a  side  member,  tl 
the  adjustable  member,  to  draw  the  frame  together,  can  hi 
as  well  made  in  the  form  of  a  turnbuckle  and  placed  on  on 
of  the  brace  rod.  In  the  cut  letter  A  indicates  the  side  m€ 
B  the  repair  plate  with  sliding  bolts  and  lock  washers,  C  the 
rod  and  manner  of  attachment,  D  a  bolt  with  an  enlarged  su] 
ing  head,  E  the  flat  enlargement  of  the  truss  rod  to  secure  suf 
metal  to  have  a  hole  to  receive  the  truss  bolt  D,  F  a  tensio 
on  the  truss  bolt.  The  advantage  of  this  repair  is  that  il 
be  made  at  any  country  blacksmith's  shop,  whereas  the  fitti 
a  turnbuckle  usually  requires  machine  shop  facilities.  Th 
is  placed  under  the  cracked  portion  indicated  by  X,  and  t< 
is  produced  in  the  truss  rod  C  by  screwing  down  the  nut 
the  bolt  D.  The  truss  rod  may  extend  from  the  front  to  th 
end  when  the  side  member  is  sagging,  and  would  be  longei 
that  indicated  for  supporting  the  cracked  side  members.  I 
case  the  truss  would  resemble  that  used  in  bracing  freigl 
floors,  in  that  it  would  have  two  supporting  members  in  the 
of  castings  under  the  frame  spaced  far  enough  apart  so  ther 
be  a  length  of  straight  rod  joining  them  in  which  the  tuml 
would  be  placed.  The  best  method  of  anchoring  the  ends 
truss  rod  to  a  frame  is  to  make  an  eye  member  in  each  end  < 
rod  and  to  have  a  forged  I  member  with  a  flattened  portion  thj 
be  fastened  to  the  frame  side  by  substantial, bolts  to  attac 
rod  ends  to.  Care  should  be  taken  in  tightening  up  the  truss 
bers  not  to  buckle  the  frame  side  rail  to  the  other  extreme  ai 
has  been  straightened  out. 

It  is  not  unusual  to  find-  the  rivets  at  the  comers  of  a  1 
or  those  holding  cross  members  and  gussets  or  re-enforcing  ] 
loose.  If  they  are  not  very  loose,  satisfactory  repairs  can 
be  made  by  peening  them  over  again,  using  a  heavy  hammfl 
a  suitable  anvil  or  rivet  set  to  receive  the  force  of  the  hai 
blow.  A  rivet  set  for  frame  work  may  be  easily  made  by  t 
a  large  bar  of  square  or  round  section  iron  or  steel,  three  feet 
and  two  inches  in  dvam^t^T,  and  turning  up  one  end  at ) 
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to  the  bar  about  three  or  four  inches  back  from  the  end. 
ids  are  then  tapered  down  so  that  the  area  is  approximately 
1  square.  A  suitable  counter  sunk  depression  is  then  made 
ive  the  rivet  head  at  each  end  of  tlie  bar;  one  may  also  be 
on  the  side  of  the  bar  about  an  inch  from  the  end.    Tliis  will 

the  use  of  the  same  bar  in  corners  as  well  as  on  rivets  so 
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3&0. — Sbffwlng  Conatnictloii  of  Seml-Ellipttc  and  ThrM-QukrWr 
EUlptlc  Springi. 


that  the  length  of  the  bar  does  not  prevent  it  being  held 
,  the  rivet  heads.  Two  nu-n  are  rc(|uired  to  do  a  good  job 
ting,  one  to  manipulate  the  riveting  hammer,  the  other  to 
le  bar  up  against  the  rivet  and  absorb  the  impact  of  the 
r.  If  the  frame  members  are  very  loose  it  indicates  that  the 
have  become  reduced  in  diameter  and  partially  sheared. 
•a  ot  this  kind  nothing  will  be  gained  by  i>eeniiig  the  rWe\. 
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heads  over  more.  The  only  safe  remedy  is  to  chip  off  the  riv 
with  a  sharp  cold  chisel  and  then  knock  them  out  of  the  ho 
a  steel  drift.  The  holes  are  then  drilled  to  the  next  larger  s 
rivet  size  and  new  rivets  secured.  These  are  usually  of 
iron,  and  should  be  heated  to  a  red  heat  in  a  gas  or  co 
before  being  headed  up. 

Care  and  Repair  of  Springs  and  Spring  Parts. — The 

more  annoying  condition  to  the  motorist  who  desires  a  smo< 
ning  and  quiet  car  than  continual  squeaking  noises  due 
running  gear  components.  If  the  springs  squeak  continuoii 
their  complaint  does  not  cease  after  a  thorough  oiling  of 
pension  joints  and  shackles,  there  is  no  cure  other  tha 
ducing  lubricant  between  the  leaves.  The  best  method  c 
this  is  to  take  the  springs  apart  and  place  liberal  quan 
graphite  grease  between  the  leaves  before  assembling  th 
remounting.  Before  commencing  operations  the  chassis  si 
securely  supported  and  blocked  up  to  take  the  load  off  both 
at  the  front  or  rear,  as  the  case  may  be.  A  good  method  ( 
this  is  to  lift  the  car  by  jacks  and  support  it  from  the 
hangers  by  a  heavy  iron  bar  or  wooden  beam  placed  direct! 
them  and  between  the  springs  and  the  frame,  as  shown  at  I 
The  weight  may  be  taken  by  a  wooden  trestle  or  suitable  b 
Another  method  is  to  relieve  the  weight  of  the  car  by  rais 
cross  piece  with  a  chain  fall  or  portable  crane.  When  t 
is  taken  from  them,  the  springs  will  assume  their  natural  i 
and  it  will  be  comparatively  easy  to  release  the  spring  clips 
them  in  place  at  the  axle  and  the  shackles  and  take  then 
When  reassembling,  fill  up  all  of  the  holes  in  the  shack 
bolt  eyes  with  grease.  While  the  spring  leaves  are  separata 
be  well  to  remove  all  rust  from  the  surfaces  by  scraping  a 
smoothing  with  coarse  emery  cloth. 

Various  types  of  springs  that  have  received  general  app 
are  shown  in  illustrations  Figs.  350  to  353,  inclusive.  That 
A,  is  one  of  the  most  popular  spring  types  and  is  called  the 
elliptic'';  the  form  at  B  is  known  as  the  ** three-quarter  d 
A  platform  spring  suspension  consisting  of  two  aemi-elliptie 
parallel  to  the  frame  side  member  and  one  semi-elliptic  sprii 
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1  to  the  rear  cross  member  joined  together  by  double  shackles 
hown  at  Pig.  351.  The  cantilever  form  of  spring  which  is  now 
iming  some  prominence  is  shown  at  Fig.  352.  The  *  *  full  elliptic 
ing/'  outlined  at  Fig.  353,  is  not  as  popular  as  it  used  to  be, 
is  found  on  cars  of  several  years  back  rather  than  on  pres- 
day  models.  There  are  two  notable  exceptions,  however,  the 
nklin  and  the  Jackson,  which  still  use  the  full  elliptic  con- 
etion. 

[t  will  be  observed  that  there  are  a  number  of  points  about 
ngs  that  demand  attention  besides  the  spring  leaves.  These 
ude  the  spring  supporting  sliackles,  the  shackle  bolts,  the  spring 


Fm/Mjoups 
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Tig,  351. — ^Arrangement  of  Platform  Spring  Suspension. 

ixnng  clips,  and  the  rebound  clips.  There  is  considerable  di- 
dty  in  the  design  of  the  spring  leaves  and  the  finish  at  the 

of  each  member.  The  nomenclature  of  the  various  finishes 
munended  by  the  S.  A.  E.  is  clearly  illustrated  at  Fig.  354,  A. 

usual  construction  of  a  spring  clip  is  shown  at  B.  The  ap- 
ired  type  of  spring  shackle  is  shown  at  C.    As  will  be  apparent, 

member  consists  of  two  side  links  and  two  bolts  holding  them 
dace  to  the  spring  eyes.  On  modern  cars  the  bolts  are  provided 
I  small  grease  cups  and  with  passages  drilled  through  them, 
itagli  which  lubricant  may  be  introduced  to  the  bearing  surfaces. 
kspring  eyes  are  bushed  with  bronze  bushings,  which  may  be 
pired  easily  when  worn.     On  cars  several  years  old  this  pre- 


r 
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caution  was  not  taken  except  on  those  high  grade  makes  < 
cost  was  such  as  to  warrant  the  expense.  To-day,  praci 
cars,  even  though  selling  at  moderate  prices,  are  provi 
this  refinement  of  detail.    Where  no  provision  is  made 
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Fig.  352.— Cantilever  Spring,  as  Used  on  IS15  Antomobi 


eating  the  shackle  bolt,  and  where  the  hard  steel  spring 
directly  against  it,  it  is  not  unusual  to  find  these  bolts  ■ 
■way  through  after  a  season's  use.  Even  when  the  bolts  i 
iubricated  type,  it  will  be  found  advantageous  to  take 
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Uly  and  clean  out  any  hard  grease  that  may  have  aecumu- 
the  passages  or  between  the  bolt  and  the  bushings.  With 
;onstruction  the  bolts  were  usually  left  soft  so  as  not  to 
spring  eye.  For  this  reason  they  wore  rapidly.  The  only 
s  to  replace  the  worn  bolts  with  new  ones  of  the  proper 

jmounting  the  springs  is  considcre<i  to  be  too  strenuous 
raphite  and  oil  may  be  introduced  between  the  leaves  by 


S^ir/fta  /tt'vaf'K 


ae  form  of  a  spring  spreader.  Block  up  any  lifting  jack 
.-ben  the  ram  is  at  the  lowest  point  it  can  just  be  intro- 
tween  the  blocking  and  the  lower  flange  of  the  frame  at 
g  hanger  supporting  the  spring  first  operated  upon.  If 
is  screwed  up  until  the  tire  is  raised  clear  of  the  ground 
cause  the  weight  of  the  wheel  and  a  portion  of  the  axle 
jpended  from  the  frame  through  the  spring,  and  if  no 
clips  are  provided  and  tlie  spring  retaining  clips  are 
slightly,  the  leaves  will  probably  he  easily  separated  by 
duction  of  a  spring  spreader.  The  graphite  grease  may 
introduced  between  tlie  loaves  with  a  piece  of  tin  or  oil 
applied  with  a  band  oil  cup.     A  handy  dmce  lot  ^oab 
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in  garages,  and  one  that  can  be  easily  made  by  the  repainnd 
shown  at  Fig.  355,  A.  This  is  easily  forged  out  of  soft  steel, 
if  neeesaary  the  wedge-shape  tips  may  be  case-hardened, 
handle  should  be  made  of  sucli  length  that  no  great  amoral 
gtrength  will  be  needed  to  spread  the  springs.  The  method  of: 
is  very  simple  and  is  clearly  shown  beneath  the  cut  of  thet 
Another  form  of  spring  spreader  which  may  be  procured  of  I 


smuoUMl 


Fig.   354. — A— Deflning   DCBignatlon   of  FinlBbeB  Of  Spring  I.e»f 
B — Showing  ConBtniction  of  Sprlns  BcUining  Clip. 
Spring  Shackles  Using  Lubricated  SbacUe  Bolts. 

acccssorj-  lienler  and  the  method  of  use  is  shown  at  Fig.  aw 
This  has  the  advantage  of  being  readily  adjustable  for 
widths  of  sj)rings, 

A  simjile  device  that  has  been  recently  introduced 
purpose  of  feeding  lubricant  between  the  leaves  of  a  spiiiC 
tinuolly,  and  just  where  the  lubricant  is  needed,  is  shown  tf 
355,  C.    This  is  known  as  the  Danu  insert,  and  is  a  pieee  «f^ 
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^czible  metal,  having  machine-punched,  staggered  holes  as  shown. 

icse  holes  are  filled  with  a  special  grease  having  a  melting  point 
over  200°  Pahr.,  and  on  both  top  and  bottom  of  the  metal 

ip  a  piece  of  prepared  wax  paper  is  placed  to  retain  the  lubri- 
|Uit  lodged  in  the  holes  of  the  metal  strip.  The  strips  are  cut  to 
|te  proper  length  and  placed  between  each  pair  of  spring  leaves. 
Bie  inserts  may  be  procured  in  sets,  all  cut  to  proper  length,  for 
be  springs  of  standard  cars.  It  is  stated  that  after  the  inserts 
Ipte  placed  in  a  spring  the  rubbing  action  tends  to  wear  oflf  the 
Eu  paper  and  permits  the  grease  to  flow  between  the  spring 
Knves.  As  the  grease  is  retained  in  pockets,  it  is  not  apt  to 
out   at  the  sides  of  the  leaves  and  spoil  tlie  finish  of  the 


The  following  advice  on  the  care  of  motor  truck  springs  was 
l^en  from  a  paper  read  by  John  G.  Utz  before  the  S.  A.  E.,  and 
ft  many  of  the  points  mentioned  therein  apply  just  as  well  to  the 
bvme  supporting  members  of  pleasure  automobiles,  they  are  re- 
lined  and  can  be  followed  to  advantage  by  the  motorist  and  re- 
■innan  as  well  as  the  motor  truck  driver. 
\  Keep  Clips  Tight. — Spring  clips  sliould  be  inspected  at  least 
Ibee  a  week  and  tightened  as  much  as  possible.  If  the  clips  be- 
WBoe  loose,  the  spring  will  break  between  the  clips.  If  there  is 
le  stretching  of  the  clips,  the  difficulty  might  be  overcome  by 
new  clips  made  of  better  material,  as  it  is  always  cheaper 
^  replace  clips  which  are  too  light  than  to  have  broken  springs 
result.  The  bearing  place  upon  which  the  spring  rests  on  the 
should  absolutely  conform  to  the  curvature  of  the  spring  at 
point,  as  sufficient  bearing  surface  is  just  as  important  as 
it  spring  clips. 

Hints  on  Repairs. — If  a  spring  plate  should  break,  it  is  im- 

it  to  have  it  repaired  or  replaced  immediately  by  a  skilled 

maker.     Quite  often  a  break  in  a  plate  occurs  at  a  place 

it  does  not  immediately  cripple  the  entire  spring,  but  it  is 

Je  to  understand  that  the  breaking  of  one  plate  throws  extra 

upon  the  other  plates  which  will  break  in  turn.     If  one  of 

[intermediate  plates  should  break  at  the  center  bolt,  the  spring 

should   be    tightened   down   until    it   is   possible   to   have 
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Fig.  356' — UeUkods  of  Inaerting  IiQbrlcftnt  Betvoen  Spring  1 
Fisvent  SquaaUng. 
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le  break  repaired.  Very  often  rebound  clips  are  loose  and 
roken.  Missing  rebound  clips  very  often  result  in  broken  main 
lates. 

On  chain  drive  trucks  there  is  always  an  ample  allowance  for 
Ijustment  to  offset  the  stretch  and  wear  of  the  chains.  As  the 
lains  become  stretched  to  a  great  extent,  it  is  wise  to  remove  an 
itire  link  and  then  shorten  the  adjustment  so  as  to  keep  the 
iring  shackles  (at  each  end  of  the  spring)  standing  at  about  the 
one  angle. 

A  spring  is  a  complete  unit  as  produced  by  the  spring  maker. 
he  removal  or  addition  of  a  plate  entirely  disarranges  the  grading 
E  the  original  plates,  and  should  never  be  practised  under  any 
Tcnmstances.  It  is  also  very  bad  policy  to  replace  a  broken  plate 
f  any  plate  that  happens  to  be  of  the  same  width  as  the  spring. 
t  is  far  more  desirable  to  let  a  competent  spring  maker  attend  to 
le  repair  or  replacement. 

In  view  of  the  preceding,  there  follows  a  list  of  things  to  be 
beerved  in  the  operation  and  care  of  the  truck,  if  there  is  a  desire 
h  give  the  springs  a  fair  chance  to  offer  their  longest  life. 

Bnles  of  Beason. — A. — Evenly  distribute  load.  Prevent  shift- 
pg  of  load.  B. — Do  not  overload  beyond  rated  capacity.  The  fac- 
ir  of  safety  allowed  by  the  maker  is  for  the  owner's  protection  as 
lell  as  the  maker's.  C. — A  wheel  out  of  round  due  to  flat  spots  on 
polid  tire,  imposes  a  severe  and  dangerous  shock  upon  the  springs. 
Eeep  the  wheels  round.  D. — Keep  excessive  side  play  out  of 
jlMkles  and  hangers  to  minimize  the  lateral  shock  on  the  springs 
hen  on  rough  roads.  P. — Give  careful  attention  to  all  parts  sub- 
let to  friction.  Keep  them  amply  lubricated,  as  an  excess  of  grease 
peps  the  dirt  out.  P. — Take  corners  slowly,  without  or  with  load, 
w — Back  into  a  curbstone  or  platform  gently  as  your  radius  rods 
ight  buckle  and  throw  the  jolt  upon  the  springs.  In  driving  the 
hmt  wheels  against  a  curb  or  any  obstruction,  the  shock  must  be 
pen  by  the  springs  alone.  H. — When  loaded,  drive  gently  over 
iQgh  road  or  obstruction,  remembering  the  frame  is  rigid  and  the 
prings  most  take  the  distortion.  I. — Drive  at  moderate  speeds  at 
h  times.  Remember  solid  tires  have  little  resiliency.  J. — If  you 
tore  to  tow  a  car,  or  have  your  car  towed,  hitch  the  tow-rope  to 

¥ 
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the  frame,  not  to  the  axle.  K. — If  an  accident  occurs,  and  a  s] 
hanger,  or  the  frame  near  the  hanger  is  bent,  have  it  straigh 
at  once.  A  spring  distorted  by  a  bent  hanger  is  liable  to 
under  load.  L. — ^When  adjusting  chains,  remove  a  link  whe 
adjustment  would  throw  the  shackles  to  a  bad  angle.  M.— 
spring  clips  tight  at  all  times.  If  a  center  bolt  should  breat 
to  loose  clips,  replace  it  at  once.  N. — On  a  crowned  road,  dr 
nearly  in  the  center  as  possible,  as  driving  to  the  right  thro^ 
extra  load  on  the  right-hand  spring. 

Compensating  for  Steering  Gear  Deterioration. — One  c 
most  important  parts  of  the  chassis  assembly  and  one  that  s 
never  be  overlooked  in  overhauling  is  the  steering  gear,  beca 
is  upon  this  important  control  element  that  the  safety  of  the  ea 
passengers  depends.  The  steering  gear  should  always  be  kej 
justed  to  the  point  where  the  wheel  will  turn  freely  and  ye 
have  any  back  lash.  The  steering  gearing  consists  of  the  ste 
column,  the  wheel  supporting  knuckles  on  the  front  axle,  th 
bar  that  joins  the  steering  spindles  together  and  the  drag  link  \ 
acts  to  transfer  the  movement  of  the  steering  arm  to  the  front 
members.  Typical  steering  columns  are  shown  at  Pig.  356. 
at  A  is  the  most  common  form  and  utilizes  a  worm  at  the  lower 
of  the  steering  post  to  which  the  hand  wheel  is  attached,  mei 
with  the  worm  gear  which  actuates  the  ball  arm.  A  sectional 
of  the  reduction  gearing  is  shown  in  the  inset  A-1.  The  other 
of  gear  generally  used  is  known  as  the  thread  and  nut  form 
has  a  worm  at  the  lower  end  of  the  post  which  rocks  the  ste 
arm  sometimes  called  the  ** pitman'*  arm  or  '*ball"  arm  by  i 
of  two  half  nuts,  one  of  which  moves  up  and  the  other  down 
the  worm  is  turned  by  the  hand  wheel.  This  reciprocating  n 
of  the  half  nuts  is  transferred  to  the  pitman  arm  by  an  oscill 
member  against  which  the  ends  of  the*  half  nuts  bear  and  wh 
attached  to  the  shaft  that  rocks  the  steering  arm. 

Another  form  of  thread  and  nut  steering  gear  is  shown  fl< 
357.  In  tliis  tlie  nut  is  a  full  member  encircling  the  scren 
carrying  projecting  pins  which  engage  the  forked  arms  attach 
the  steering  arm  actuator.  As  will  be  apparent,  When  the  sen 
turned  by  the  hand  lever,  the  nut  is  raised  or  lowered,  depei 
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upon  the  direction  in  which  the  screw  is  turned.  This  up  ai 
motion  of  the  nut  ia  transferred  to  the  steering  actuator  ' 
the  medium  of  the  small  pius  working  in  the  forged  yokes  a 
to  the  steering  arm  actuator  shaft.  The  steering  gears  di 
are  of  the  irreversible  form,  i.  e.,  motion  of  the  road  whei 
not  affect  the  hand  wheel.  Many  other  arrangements  ha 
used  for  steering  gears,  one  of  the  popular  forms  being  tt 
pinion  and  sector  arrangement  used  on  Reo  automobiles  t 
shown  at  Fi| 
The  bevel  pinioi 
the  bevel  gear 
back  and  forth 
turned,  this  mo 
ing  transferred 
steering  arm  a 
on  the  same  s 
which  the  bev. 
sector  is  fast 
While  this  t 
gear  is  effectiv 
not  irreveraibl 
motion  of  thi 
wheels  may  mi 
steering  wheel. 
The  commo: 
with  a  steering 
any  ^pe  after 
been  in  use  for 
is  back  lash  in 
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Fig.    367. — Intemil    Coiutniction   of   Scrow 
and  Nut  Bednctlon  Steering  Oe&r. 


duetion  gear.  By  this  is  meant  the  ability  to  tarn  the  ban. 
back  and  forth  a  certain  portion  of  a  revolution  without  e 
a  corresponding  movement  of  the  front  wheels.  There  are 
ber  of  points  where  this  back  lash  may  exist  It  may  be 
in  the  reduction  gear  of  the  steering  column  itself  or  may 
to  depreciation  or  poor  adjustment  of  the  various  rod  ends 
steering  linkage.  Considering  first  the  reduction  gearing 
worm  and  worm  gear  type,  as  shown  at  Pig,  356,  the  por 
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I  gear  that  meshes 

the  worm  when 
wheels  are  set  for 
^t  ahead  goiDg. 

reason  that  this 
tciation  is  present 
8  point  more  than 
le  other  teeth  of 
rorm  wheel  is  be- 

this  point  is  most 
y  Dsed,  the  move- 

of  the  worm  be- 
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eiy  slight  except  when  turning  a  comer.  Attempts  are  often 
to  take  out  this  back  lash  by  bringing  the  worm  gear  into 
*  arrangement  with  the  worm  by  the  use  of  eeeentric  bushings 
lich  the  worm  wheel  shaft  is  supported.  The  eccentric  busb- 
erves  very  well  if  the  back  lash  is  due  to  poor  adjustment 
r  than  depreciation  of  the  worm  wheel  teeth.  '  It  is  possible  on 
most  gears  to  remove 
the  steering  arms,  give 
the  steering  wheel  a 
half  turn  and  then  re- 
place the  full  worm 
wheel  so  the  unworn 
portion  opposite  to  the 
worn  teeth  will  be 
brought  into  engage- 
ment with  a  compara- 
tively unworn  portion 
of  the  steering  worm. 
The  eccentric  bushings 
in  this  case  can  be  used 
to  secure  correct  mesh- 
ing of  the  worm  and 
worm  wheel  teeth. 
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As  considerable  end  thrust  exists  at  the  top  and  bottom 
worm  when  the  hand  wheel  is  turned,  ball  thrust  bearings  a 
to  resist  the  end  pressure  and  make  the  worm  easy  to  operj 
these  bearings  become  gummed  up  with  dry  grease  or  if  tl 
or  races  become  roughened,  the  steering  gear  will  work  ha 
the  ball  bearings  are  not  properly  adjusted,  an  up  and  do 
tion  of  the  steering  post  will  be  possible.  If  the  steering 
loose  in  the  steering  gear  case  it  is  on  account  of  wear  of  th 
bushing  in  which  it  turns.  These  bushings  are  best  repla 
new  ones  when  worn. 

In  the  type  of  steering  gear  shown  at  Fig.  356,  B,  the  ha 
are  sometimes  of  babbitt  metal  and  if  not  properly  lubricat 
deteriorate  quickly.  The  hardened  steel  screw  seldom  she 
signs  of  wear  and  if  lost  motion  exists  it  is  generally  due 
preciation  of  soft  half  nuts.  The  best  method  of  repairiD 
replace  these  with  new  members.  In  the  type  of  steering 
shown  at  Pig.  357,  the  nut  is  usually  made  of  hard  bronze  i 
screw  of  hardened  steel.  Very  little  depreciation  will  exi 
gear  of  this  nature  unless  lubrication  has  been  neglected, 
are  two  plain  bushings  which  may  wear  that  support  the  s 
post,  also  two  plain  bearings  on  which  the  steering  rod  a< 
shaft  rocks.  Any  looseness  due  to  depreciation  of  the  bushii 
only  be  eliminated  by  replacing  with  new  bushings.  If  t 
becomes  worn  it  is  cheaper  to  supply  a  new  one  than  to  a 
to  use  the  old  one. 

Back  lash  or  lost  motion  in  the  bevel  gear  and  sector  s 
gear  shown  at  Pig.  358,  when  not  due  to  depreciation  of  th* 
bearings  supporting  the  steering  post  and  steering  shaft  r 
compensated  for  by  screwing  in  on  an  adjustment  screw 
carries  a  roll  at  its  lower  end,  bearing  against  the  back  of  th 
gear  sector.  This  tends  to  keep  the  pinion  and  sector  teeth 
tact  and  eliminates  lost  motion  between  them.  Practically  al 
ing  gears  are  provided  with  grease  tight  casings  and  she 
packed  with  lubricant  at  least  every  season.  The  plain  beari 
most  steering  gears  may  be  lubricated  through  the  medimn  c 
pression  grease  cups  as  shown  at  Pig.  358,  or  oil  cups  as  ata 
Fig.  356,  A.    If  care  is  taken  to  supply  these  bearing  point 
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kibe  proper  quantities  of  lubricant,  but  little  trouble  will  be  experi- 
Bticed  due  to  depreciation  of  the  plain  bearing. 

Many  steering  gears  have  the  motor  speed  control  levers  car- 
ried above  the  hand  wheel  by  a  fixed  sector  which  is  supported  by 
it  tube  passing  through  the  center  of  the  hollow  steering  past  and 
damped  at  its  lower  end  to  a  non-rotating  anchorage  plate  which 
keeps  the  sector  from  turning,  as  the  hand  wheel  is  moved  in  steer- 
qng.  Through  the  center  of  this  anchored  tube,  another  tube  passes, 
in  the  interior  of  which  is  carried  a  rod  as  shown  at  Fig.  360,  A. 
Fhe  short  control  lever  is  pinned  to  the  rod  passing  through  the 
Benter  of  the  steering  column  while  the  long  control  lever  which 
■rorks  on  the  outside  of  the  segment  is  attached  to  the  tube  sur- 
rounding the  center  control  rod.  At  the  lower  portion  of  these 
enembers  a  pair  of  small  bevel  sectors  is  carried  as  sho^^Ti  at  Fig. 
159.  These  sectors  engage  coacting  members  which  operate  the 
qpark  and  throttle  levers  with  which  connections  are  made  to  the 
Qurbnretor  throttle  and  to  the  magneto  contact  breaker.  When  dis- 
iuuitling  the  steering  column  it  is  important  to  take  out  the  center 
Ipntrol  tubes  and  remove  all  the  rust  that  has  accumulated  between 
Hiem.  They  are  then  smoothed  and  cleaned  with  emery  cloth  and 
lioated  with  graphite  grease  before  reassembling.  In  many  cases, 
Vben  movement  of  the  control  levers  does  not  produce  a  corre- 
iponding  motion  of  the  timer  or  throttle,  it  is  because  the  small 
biiTers  or  bevel  sectors  at  the  lower  portion  of  the  steering  column 
lave  become  loose  on  their  actuating  tubes  or  rods.  The  usual 
method  of  fastening  these  members  is  by  friction  clamps  and  the 
trouble  is  easily  remedied  by  tightening  the  clamping  screws  more 
Irmly  after  the  various  parts  have  been  located  properly.  This 
iDay  be  done  by  setting  the  control  lever  at  the  retard  position  on 
pie  sector  and  making  sure  that  the  magneto  contact  breaker  or 
ijuner  is  also  at  full  retard  position.  When  setting  the  throttle  con- 
feol  lever,  that  member  may  be  moved  down  to  that  portion  of  the 
»r  corresponding  to  a  closed  throttle  and  making  sure  that  the 
►ttle  is  closed  at  the  carburetor  before  tightening  the  clamping 
IW8  at  all  points.  For  instance,  if  the  construction  of  the  con- 
levers  is  as  at  Fig.  360,  A,  and  the  lower  portion  of  the  steer- 
poet  18  as  at  Fig.  359,  it  will  be  necessary  to  tighten  four  clamp- 
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r  screws  in  order  to  lock  all  parts  firmly  together.  Two  of  these 
mping  screws  are  in  the  small  bevel  sectors  while  the  others  are 
the  levers,  one  at  the  bottom  of  the  steering  column,  the  other 
the  top.  There  may  be  a  tendency  at  times  for  the  entire  toothed 
inent  to  turn  with  the  steering  wheel  which  causes  the  engine 
race  or  which  shuts  it  oflf  altogether  when  turning  a  comer.  This 
ioying  condition  is  due  to  looseness  of  the  sector  supporting  tube 
the  anchorage  plate  at  the  bottom  of  the  steering  column.  If 
Sculty  is  experienced  in  keeping  this  tube  tight,  the  trouble  is 
5  to  deposits  of  rust  between  the  sector  supporting  tube  and  the 
erior  of  the  hollow  steering  column.  The  only  remedy  is  to  re- 
ve  the  sector  retaining  tube  from  the  interior  of  the  steering 
umn  and  remove  all  rust  deposits  and  coat  the  parts  liberally 
h  lubricant  before  reassembling. 

The  control  levers  at  the  top  of  the  steering  column  are  usually 
the  form  at  Fig.  360,  A,  though  in  some  cases  the  construction 
►>jni  at  B  is  used.  After  the  car  has  been  used  for  a  time  the 
B  teeth  on  the  sector  may  become  burred  over  and  the  ratchet 
Uigers  may  be  rounded  by  constant  friction  with  the  teeth  so  the 
ers  no  longer  stay  in  the  places  where  they  are  set.  The  remedy 
f  this  condition  is  obvious.  The  teeth  in  the  sector  must  be  recut 
th  a  fine,  three  cornered  file  and  the  ends  of  the  ratchet  plungers 
Qst  be  repointed  by  grinding  and  the  springs  keeping  them 
messed  against  the  sector  should  be  strengthened  by  lengthening. 
Hien  the  friction  block  arrangement  as  shown  at  Fig.  360,  B,  is 
Bployed,  any  tendency  to  slip  may  be  easily  remedied  by  tighten- 
ig  up  the  spring  tension  adjusting  nuts  shown.  The  increase  in 
)ring  strength  augments  the  friction  between  the  friction  block 
id  the  side  of  the  casing  and  serves  to  retard  too  free  movement  of 
«  control  lever. 

A  complete  steering  gear  assembly  with  all  parts  clearly  indi- 
ted is  shown  at  Fig.  361.  This  shows  the  various  points  where 
ick  lash  may  exist  and  the  resulting  lost  motion  produce  erratic 
Bering.  Taking  these  up  in  order,  we  have  first  the  bolts  support- 
%  the  wheel  spindles  in  the  yokes  at  the  end  of  the  axle,  and  the 
lihing»  in  the  wheel  spindle  itself.  Next  we  have  the  pins  and 
d  ends  at  the  end  of  the  tie  rod,  then  the  connections  at  e»^^ 


724 


Automobile  Repairing  Made  Easy 


end  of  the  drag  link.  The  point  where  the  steering  arm 
to  the  steering  gear  gliould  also  be  inspected  to  make  sure  < 
arm  is  firmly  clamped  to  its  actuating  shaft.  On  practi< 
cars,  removable  bushings  are  provided  in  the  steering  spindl 
may  be  readily  removed  and  replaced  with  new  wlien  wor 
ends  of  the  tie  rod  have  the  bolts  in  them  a  tight  fit  and 
screw  through  tlie  lower  portion  of  the  rod  end.    This  mei 


Fig.  361. — Showing  Important  Llnkaga  of  tUe  StMting  Byati 

the  wear  will  come  on  the  bushing  in  the  steering  arm  that 
from  the  spindle  instead  of  in  the  rod  end. 

The  various  steering  gear  parts  that  demand  inspeci 
grouped  at  Fig.  362.  The  section  at  A  shows  a  worm  an 
sector  steering  gear  with  the  upper  half  of  the  gear  case  i 
to  expose  the  gearing.  This  form  is  subject  to  the  same 
that  the  full  worm  gear  and  worm  arrangement  previoi 
scribed  is,  but  in  event  of  wear  of  flie  sector  teeth  it  is  not 
to  turn  this  over  and  obtam  a  new  set  of  beariDg  aorfaces. 
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the  only  remedy  when  this  construction  is  followed,  is  to  re- 

I  the  sector  with  a  new  one.  Of  course,  if  the  lost  motion  is 
to  poor  adjustment,  the  usual  eccentric  bushing  method  of 
^ing  the  teeth  into  more  intimate  contact  may  be  used.  The 
igement  of  the  rod  ends  used  on  the  drag  link  and  designed 
>erate  in  connection  with  the  balls  usually  provided  at  the 
of  the  steering  arm  is  shown  at  B.  As  will  be  apparent, 
•all  rests  between  two  plugs  having  semi-spherical  depressions 
act  as  a  ball  seat.  One  of  these  plugs  is  pressed  against  the 
by  a  substantial  coil  spring,  while  the  other  adjusting  plug 
3ught  in  contact  with  the  ball  with  a  threaded  adjusting  plug, 
le  ball  can  only  be  introduced  in  the  socket  when  the  adjust- 
»lug  is  out,  wliich  permits  the  small  section  of  the  steering  arm 
;  the  slot,  it  will  be  apparent  that  even  if  this  joint  should 
Q  that  it  would  be  practically  impossible  for  the  ball  to  come 

In  event  of  lost  motion  being  manifested  this  may  be  easily 
i  up  by  loosening  the  clamp  bolt  or  removing  a  split  pin  lock 
times  provided  and  screwing  in  the  adjusting  plug  until  all 
notion  is  eliminated, 
he  usual  steering  knuckle  assembly  is  shown  at  Fig.  362,  C. 

II  be  observed  that  the  bolt  acting  as  a  bearing  for  the  steer- 
:nuckle  and  passing  through  the  top  and  bottom  of  the  steer- 
'oke  is  provided  with  a  grease  cup  at  the  upper  part  in  order 
the  joint  may  be  kept  thoroughly  lubricated.  After  the  front 
I  has  been  properly  adjusted,  if  it  is  desired  to  find  if  there 
Y  looseness  in  the  steering  knuckle,  the  wheel  should  be  grasped 
)posite  spokes,  one  at  the  top,  the  other  at  the  bottom  and  with 
everage  thus  provided  endeavor  to  shake  the  knuckle  on  its 
orting  bolt.  If  there  is  any  lost  motion  the  bolt  should  be 
ved  and  its  bearing  surface  examined.    If  it  has  been  cut  into 

reduced  in  diameter  at  the  bearing  points  a  new  bolt  should 
rovided.  If  the  bushings  in  the  steering  knuckle  are  worn 
should  be  driven  out  and  new  ones  supplied. 
Dme  inexperienced  repairmen  and  many  motorists  are  inclined 
lieve  when  they  first  see  a  **dislied"  front  wheel  that  the  front 
has  sprung  and  that  the  construction  is  faulty.  There  is  a  very 
reason  for  tilting  the  wheel  as  shown  at  Pig.  362,  D.    This 
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I  to  obtain  eafie  in  steering  and  the  usual  angle  of  inclination  is 
bout  three  degrees.  Without  going  into  an  involved  explanation 
f  the  reason  for  doing  this  it  may  be  stated  that  it  is  a  mechanical 
rinciple  that  the  nearer  the  center  of  the  spindle  bolt  and  the 
ivot  point  of  the  wheel  are  to  an  alignment,  the  easier  the  car 
ill  steer.  If  it  were  possible  to  bring  the  center  of  that  part  of 
le  tire  which  is  upon  the  ground  to  a  point  exactly  under  the 
»int  of  the  steering  knuckle  the  arrangement  would  be  ideal.  To 
icure  this  alignment  or  to  get  as  near  to  it  as  is  practical  with 
le  accepted  Elliot  steering  knuckle  construction,  it  is  customary 
>  tilt  the  wheel.  In  the  case  of  the  Ford  car,  a  plumb  line  dropped 
irough  the  spindle  bolt  would  strike  the  ground  about  two  inches 
com  the  pivot  point  where  the  wheel  tire  rests  on  the  ground.  The 
iagram  makes  this  point  clear.  It  is  customary  to  find  the  front 
dieels  of  large  cars  dished  in  the  same  manner  so  this  point  should 
i€t  be  confused  with  lack  of  alignment  in  a  horizontal  plane 
iich  will  interfere  with  correct  steering  and  result  in  rapid  tire 

Jesting  Wheel  Alignment. — A  splendid  opportunity  is  present 
■ring  the  overhauling  period  for  aligning  the  wheels  and  axles 
"iich  should  be  done  to  make  sure  that  they  have  not  moved  out 
f  their  correct  position.  But  little  apparatus  is  needed  to  make 
*«ie  trials,  the  outfit  consisting  of  two  chairs,  two  heavy  pieces  of 
ood,  and  two  lengths  of  stout  cord.  One  chair  is  placed  at  the 
"Ur  of  the  chassis,  the  other  at  the  front  as  indicated  at  Fig.  363. 
*te  chairs  are  located  as  near  as  possible  to  the  center  line  of  the 
^ehine  and  after  the  cords  have  been  adjusted  the  chairs  are 
*ead  apart  enough  to  tighten  the  cords.  In  order  to  prevent 
**Vement  of  the  chairs  when  they  have  been  properly  placed  they 
•y  be  weighted  down  with  iron  or  steel  parts.  The  important 
<i&g  to  do  is  to  have  the  cords  parallel  to  the  frame  side  member 
•d  to  have  the  member  on  the  right  just  the  same  distance  away 
(Dm  the  right  hand  frame  rail  as  the  left  hand  cord  is  from  the 
K  hand  frame  rail.  A  common  defect  of  alignment  of  the  front 
keels  is  shown  at  A.  In  this  case  the  tie  bar  is  too  short  and  the 
keels  are  nearer  together  at  the  back  than  they  are  at  the  front. 
^  opposite  to  this  condition  is  shown  at  B,  in  which  case  the  tie 
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Mir  member  is  too  long  and  the  wheels  are  nearer  together  at  the 
&-ont  than  at  the  rear.  Either  of  these  conditions  will  result  in 
ineertain  steering  and  will  also  produce  rapid  tire  depreciation. 
Practically  all  tie  bars  are  adjustable  to  a  degree  and  steps  may  be 
aken  to  straighten  up  the  wheels  by  either  lengthening  or  shorten- 
ng  the  tie  bar  as  conditions  demand.  The  sketch  D  also  shows  the 
Dethod  of  testing  a  rear  wheel  for  parallelism  with  the  frame  side 
nember.  At  C,  the  method  of  measuring  for  alignment  of  front 
md  rear  axles  is  shown.  As  will  be  apparent  the  rear  axle  has 
Lifted  on  its  springs  and  the  wheels  are  not  parallel  with  the 
!rame  side  members.  At  D,  the  axle  has  moved  sideways  due  to 
hifting  of  the  spring  chairs  and  the  wheels  do  not  track,  even 
hough  the  rear  wheels  are  parallel  to  the  frame  side  member.  It 
I  important  that  the  cords  be  stretched  at  a  height  equivalent  to 
lie  center  of  the  wheel  hubs  because  some  cars  are  made  with  con- 
iderable  gather  in  the  front  wheels  so  that  the  distance  at  the 
lear  of  these  members  to  the  cords  would  be  slightly  less  than  at 
iie  front.  Then  again,  many  cars  have  considerable  camber  in 
be  front  wheels  which  means  that  the  top  of  the  wheels  will  lean 
ntward,  therefore  any  distances  measured  above  the  center  of  the 
mb  will  not  agree  with  those  taken  below  it.  By  stretching 
lie  cord  along  the  center  line  of  the  wheel  this  trouble  may  be 
iroided. 

Universal  Joints. — The  universal  joint  is  an  important  element 
tt  practically  all  shaft  drive  cars,  some  constructions  using  but  one 
Dint  if  the  propeller  shaft  is  protected  by  a  long  housing  while 
ther  systems  employ  two  universal  joints,  one  at  each  end  of  an 
acposed  propeller  shaft.  Universal  joints  on  many  early  cars  were 
im  exposed  and  considerable  trouble  was  experienced  due  to  rapid 
lear  of  the  bearing  parts.  When  exposed  there  was  also  consider- 
Ible  difficulty  in  keeping  the  joints  properly  lubricated.  The  mod- 
im  forms  are  housed  inside  of  a  casing  member,  which  is  not  only 
igned  to  exclude  the  dirt  and  grit  from  the  bearing  surfaces,  but 
ich  is  also  depended  on  to  retain  lubricant.  A  typical  universal 
it  assembly  and  the  parts  comprising  it  are  shown  at  Fig.  364, 
The  main  parts  of  the  joint  are  the  yoke  member  A,  and  the 
s  member  B.    The  yoke  has  bearing  surfaces  O  and  P  designed 
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to  engage  two  of  the  pins  on  the  universal  joint  cross  men 
The  other  two  pins  fit  into  the  bearing  members  K  and  S  al 
to  the  disc  B.    The  entire  joint  is  housed  in  by  the  cover  m 


Fig.  364. — Universal  Joint 


D  and  Z.  The  driving  flange  B  may  be  bolted  to  a  corresi 
member  on  the  end  of  a  cliange  speed  gear  ehaft  or  rear  axli 
drive  shaft,  while  the  sleeve  member  A,  which  is  providt 
either  a  square  or  splined  hole  as  desired,  fits  on  tiie  end 
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lopeller  6haft.  The  points  that  will  wear  soonest  are  the  pins  M, 
i  N,  U,  carried  on  the  universal  joint  cross  J.  When  looking  over 
■iversal  joints  it  is  well  to  make  sure  that  the  sliding  points  are 
Ite  and  that  the  sleeve  member  does  not  bind  on  the  propeller 
kaft.  Where  two  universal  joints  are  used  it  is  not  necessary 
\  have  a  slip  joint  at  both  ends  and  one  of  the  sleeve  members 
\sKy  be  fastened  securely  to  the  propeller  shaft. 

The  universal  joint  at  Fig.  364,  B,  is  called  a  roller  bearing 
pint  and  consists  of  a  hollow,  slit  bronze  sphere  attached  to  one 
lULft  and  a  steel  sphere,  which  may  also  be  hollowed,  attached  to 
f  formed  integral  with  the  end  of  another  shaft.  Four  adjust- 
|>]e  studs  carrying  conical  rollers  at  their  inner  ends  are  equally 
^eed  around  the  outside  sphere.  The  inside  ball  contains  four 
lots  into  which  the  pins  project.  The  slots  are  so  shaped  as  to 
|low  free  universal  action  and  get  no  back  lash  at  any  point. 
Another  form  of  joint  designed  to  give  a  flexible  drive  is  shown 
C.  This  is  increasing  in  popularity  and  is  found  on  a  number 
cars  for  final  drive  though  it  is  more  widely  applied  as  a  driving 
ection  between  the  clutch  or  gear  box  or  for  magneto  or  elec- 
starting  generator  drive.  Two  three  fingered  spiders  having 
suitable  boss  attached  thereto  to  receive  the  end  of  the  driving 
are  bolted  to  discs  of  leather,  the  fingers  of  one  spider  mem- 
being  placed  between  those  of  the  other  and  the  leather  disc 
irely  held  to  each  of  the  spiders.  Owing  to  the  flexibility  of  the 
jlUher  it  is  possible  to  drive  parts  that  are  not  in  absolute  align- 
ent,  though  this  form  of  joint  is  not  suitable  for  use  where  there 
f  apt  to  be  considerable  movement  between  the  parts  and  the 
her  types  of  universal  joint  are  better  adapted  owing  to  ai- 
ding a  greater  degree  of  motion  between  driven  and  driving 

iafts. 

k  A  simple  universal  that  has  been  adapted  to  some  extent  for 
|)it  work  is  shown  at  Fig.  364,  D.  This  consists  of  a  ball  shaped 
jBter  member  having  machined  slots  into  which  suitably  formed 
ke  members  fit.  This  joint,  while  popular  for  machine  tools,  is 
■  widely  used  in  automobiles  and  it  is  illustrated  in  order  that 
m  repairman  may  be  familiar  with  all  practical  forms  of  joints. 
M  form  shown  at  Fig.  365,  A,  is  that  used  on  the  National  auto- 
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mobiles  and  as  two  views  are  presented  its  construction  shtraUl 
easily  understood.  A  driving  member  is  keyed  to  the  end  of  ( 
transmission  shaft  and  is  securely  held  on  the  taper  by  a  snitd 
clamping  nut.  The  driving  member  is  provided  with  two  looi 
tudinal  slots  in  which  square  nuts  or  sliding  blocks  fit.  These  i 
mounted  on  a.  pin  which  is  driven  through  the  enlarged  end  oft 
propeller  shaft.    With  this  construction  two  joints  are  neceaai 


Tig.  365. — ConstnicUon  of  the  Sliding  Block  Fattom  Uuiveisal  JtU 


one  at  the  front  end  of  the  shaft,  next  to  the  gearboi,  and  anf^k 
on  the  rear  axle.  After  the  joint  has  been  in  use  for  a  time  itie 
may  exist  considerable  looseness  between  the  bearing  pin  au<3  f 
hole  in  the  sliding  block  and  tliere  may  also  be  some  deprecis'i' 
of  the  slots  in  which  the  block  slides.  If  the  slots  in  the  dririi 
member  are  worn  they  should  be  machined  out  so  that  they  li 
true  and  smooth  though  perhaps  somewhat  wider  than  they  '" 
originally.  It  is  a  very  simple  matter  to  make  new  case  hardeoi 
blocks  that  will  fit  the  enlarged  slots  in  the  driving  member.  "H 
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ler  of  covering  the  joints  in  order  to  retain  lubricant  and  keep 
the  dirt  is  clearly  shown  in  the  illustration.    A  pressed  steel 
rer  member  is  designed  to  fit  over  the  driving  yoke  while  the 
ipeller  shaft  end  is  encased  with  a  flexible  leather  cover  securely 
iped  to  both  driven  shaft  and  flange  on  driving  member  cover, 
order  to  make  it  easy  to  introduce  new  lubricant  to  the  interior 
the  joints  a  screw  plug  is  provided  which  is  screwed  into  a  fit- 
riveted  to  the  leather  covering.     Where  two  of  these  joints 
used  it  is  desirable  to  have  the  propeller  shaft  held  so  it  may 
le  to  some  extent  as  the  axle  moves  up  and  down  yet  not  be  loose 
kough  to  rattle.    The  desired  end  is  easily  obtained  by  interposing 
springs  in  each  universal  joint  which  bear  against  the  en- 
rged  end  of  the  driven  shaft  and  seat  on  the  driving  member 
mtion  nut. 

Other  forms  of  joints  which  provide  a  certain  amount  of  uni- 
action  are  shown  at  B  and  C,  Fig.  365.  In  the  former  there 
but  two  rocking  members  whereas  in  the  latter  there  are  four 
ig  members.  The  driving  member  of  the  joint  consists  of  a 
jve  having  a  square  hole  made  to  receive  the  end  of  the  driven 
iber  which  is  a  square  or  rectangular  in  cross  section  but  hav- 
rounded  faces  as  indicated.  In  the  form  at  B,  two  of  the  sides 
this  ** square  ball"  are  in  contact  with  thin  discs  having  one 
curved  to  fit  the  inside  member  and  the  other  side  flat  to  fit 
dde  of  the  internal  square.  In  the  form  shown  at  C,  four  of  the 
:er  members  are  used  instead  of  two.  These  rocker  members 
not  interfere  with  the  universal  action  and  are  valuable  in  that 
provide  for  longer  life  than  the  ordinary  form  of  wabble  joint 
there  is  ample  contact  surface  between  the  driving  member  and 
face  of  the  rocker  discs  and  there  is  also  ample  surface  contact 
reen  the  driven  member  and  the  rounded  seats  of  the  rocker 


Badins  Bods,  Torque  Members  and  Control  Linkage. — On 
chassis  there  are  a  number  of  points  where  the  motion  is  rela- 
ly  slight  but  where  the  parts  are  subjected  to  considerable  pres- 
Among  these  may  be  mentioned  the  radius  rods  used  with 
chain  drive  cars  and  the  torque  members  furnished  when  the 
1  or  wonn  drive  axles  are  used.    The  form  of  the  torque  mem- 
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varies  with  the  system  of  drive  employed  and  is  in  turn,  de- 
cent upon  the  preferences  of  the  designer.  The  reason  it  is 
^ssary  to  provide  a  torque  member  ^vith  a  shaft  drive  axle  is 

all  the  time  the  rear  wheels  are  propelling  the  vehicle  the  re- 
an  tends  to  turn  the  axle  housing  and  this  motion  must  be  re- 
*d  by  some  arrangement  that  will  hold  the  axle  in  its  proper 
tion.  The  torque  members  are  also  required  when  the  brakes 
applied  to  a  car  because  there  is  also  a  tendency  for  the  axle 
otate  when  the  retarding  force  is  applied  to  stop  the  wheels 
a  turning.  The  various  common  forms  of  torque  members  are 
vn  at  Fig.  366,  these  illustrations  having  been  reproduced  from 
Horseless  Age. 

The  construction  shown  at  A  is  a  common  one  and  is  used  on 
imber  of  cars,  some  of  which,  as  the  Overland,  are  sold  in  very 
e  quantities.  In  this  construction,  the  propeller  shaft  to  which 
bevel  driving  pinion  is  secured  is  carried  by  a  long  tube  securely 
ened  to  the  axle  at  one  end  and  carrying  a  yoke  casting  at  the 
r  supported  by  suitable  bearings  attached  to  the  frame  cross 
iber.  This  yoke  is  mounted  so  it  swivels  on  the  axle  tube,  per- 
ing  the  axle  to  be  higher  on  one  side  than  the  other  without 
ssing  the  joint,  a  condition  that  is  often  necessary  and,  in  fact, 
KToidable  when  running  over  rough  roads.  It  is  evident  that 
rear  axle  is  also  subjected  to  an  up  and  down  motion,  this  being 
to  roughness  of  the  road  surfaces.  In  order  to  provide  for  this 
ement  the  yoke  casting  is  hinged  to  the  frame  cross  members. 
m  this  construction  is  followed  there  are  three  points  where 
'eciation  can  exist.  The  points  that  will  wear  soonest  are  the 
sorting  pins  or  bolts  at  the  ends  of  the  yoke  member  that  fit 
frame.    These  may  wear  enough  so  that  there  will  be  appreci- 

lost  motion,  which  means  a  rattling  sound  when  the  car  is 
ated  over  any  but  the  smoothest  of  roads.  The  remedy  for 
condition  is  a  simple  one,  consisting  only  of  replacing  the 
I  pins  and  bushings  in  the  yoke  ends,  if  the  construction  per- 
or  of  reaming  out  the  holes  larger  and  fitting  pins  to  corre- 
3.  The  joint  where  the  yoke  swivels  on  the  torque  tube  is 
lly  of  lai^er  size  and  is  provided  with  a  generous  grease  cup- 
e  it  is  not  apt  to  wear  as  quickly  as  the  joints  of  lesser  arei^ 
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if  lubrication  has  been  neglected,  it  may  be  found  that  tt 
will  fit  the  housing  tube  loosely.  The  remedy  is  to  smooth  d 
end  of  the  housing  tube  after  the  joint  is  removed  in  ordf 
cure  a  round  bearing  and  then  to  bore  out  the  worn  yoke  a 
it  with  bronze  or  cast  iron  so  that  it  will  be  a  good  fit  on  tl 
ing  tube.  Any  end  play  that  may  exist  can  be  readily  tj 
by  putting  a  light  steel  washer  or  a  series  of  these  members 
the  thrust  collar  on  the  housing  tube  and  the  yoke  cast! 


Fig.  367. — Daflnlng  Various  Fonns  of  Torque 


some  cars  it  is  possible  to  compensate  for  any  end  motion 
ting  up  an  adjusting  nut  that  keeps  the  yoke  in  place. 

In  the  system  shown  at  Fig.  366,  B,  the  push  or  thruf 
sary  to  move  the  car,  also  the  torque,  is  taken  on  a  spherica 
joint.  This  construction  is  used  on  the  Ford  automobile  a 
number  of  other  more  expensive  cars.  Despite  the  severe  ^ 
type  of  joint  is  called  upon  to  perform,  it  is  not  subject  t 
depreciation,  providing  that  lubrication  is  not  neglected  i 
proper  precautions  are  taken  to  keep  the  grit  and  dirt  is 
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B  use  from  accumulating  between  the  bearing  surfaces.    If  there 
""  any  play  in  this  form  of  joint  it  often  can  be  compensated  for  by 
ig  a  little  metal  off  the  face  of  the  flange  of  the  ball  joint 
which  permits  of  bringing  it  to  bear  more  tightly  against  the 
on  the  end  of  the  torque  tube. 

The  system  outlined  at  C  is  a  popular  one  on  many  types  of 
In  this  the  driving  thrust  is  taken  by  the  semi-elliptic  springs, 
ile  the  torque  is  resisted  by  a  special  lever  securely  clamped  to 
differential  housing  of  the  axle  at  its  back  end  and  carrying 
«mall  ball  end  which  is  suspended  in  a  special  shock  absorbing 
e  carried  by  the  frame  cross  member.    This  form  is  sometimes 
lified  by  having  short  radius  rods  to  take  the  driving  thrust 
shown  at  D,  while  the  braking  and  driving  torque  is  resisted  by 
jcial  arm.    The  flexibility  of  the  special  hangers  used  for  sup- 
ig  the  front  end  of  the  torque  rod  shown  at  C  and  B,  is  due 
the  use  of  strong  coil  springs  w^iich  press  against  pads  having 
i-spherical  seats  to  fit  the  ball  at  the  end  of  the  torque  rod.    If 
springs  weaken  in  use,  there  may  be  a  certain  amount  of  lost 
►tion  between  the  ball  and  its  seating  members  which  can  in- 
iably  be  corrected  by  screwing  in  an  adjusting  plug  carried  at 
bottom  of  the  tubular  spring  housing.    When  radius  rods  are 
iployed,  it  is  important  to  test  these  for  side  shake  when  they  are 
►ported  by  the  axle  or  to  test  the  small  pins  when  they  are  ear- 
by  a  hinged  member  secured  to  the  axle  and  often  forming 
of  the  spring  pad  or  seat.    Owing  to  the  limited  area  of  the 
that  act  as  hinges  at  both  ends  of  the  radius  rods  it  is  not 
insual  to  have  these  wear  enough  in  a  season  to  demand  inspec- 

and  attention. 
The  method  of  supporting  the  axle  end  of  a  tubular  torque 
iber  when  a  two  universal  joint  propeller  shaft  is  used  is  clearly 
at  Fig.  367,  A,  as  will  be  observed,  a  retaining  member  is 
integral  with  the  bevel  pinion  supporting -casting.    The  tubu- 
le torque  member  is  a  tight  fit  in  the  hole  bored  into  this  support 
is  held  firmly  in  place  by  tightening  the  clamp  bolts  indicated, 
overhauling  a  car  it  is  well  to  examine  this  clamping  bolt 
!ully  to  make  sure  that  the  torque  rod  is  securely  held.     In 
J  cars,  where  the  driving  thrust  is  taken  by  the  springs  the 
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torque  is  taken  by  the  universal  joint.  A  construction  of  th 
is  flhown  at  Fig,  323,  B.  The  usual  construction  is  to  have  a 
shaft  projecting  from  the  torque  tube  sufficiently  long  so  it 
the  full  length  of  the  hub  of  the  universal  joint.  Up  an( 
movement  of  the  rear  axle  is  compensated  for  by  the  sliding 
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shaft  in  the  universal  joint.    This  is  a  point  that  is  very 

ten  neglected  as  regards  lubrication^  usually  because  it  is  inac- 

rible  in  most  cars.    If  the  square  shaft  becomes  worn  there  will 

considerable  lost  motion  between  it  and  the  universal  joint.    It 

often  possible  to  secure  a  new  universal  joint  member  having  a 

ler  square,  and  as  the  wear  is  seldom  more  than  .010  inch  it  is 

?n  possible  to  save  the  old  shaft  by  the  less  expensive  procedure 

replacing  the  universal  joint  member  rather  than  taking  the 

ire  rear  construction  apart  to  use  a  new  squared  shaft.    If  the 

tiversal  joint  member  is  a  steel  drop  forging  it  is  possible  to  heat 

up  in  a  forge  or  brazing  flame  and  then  close  it  down  around  a 

lare  bar  of  the  desired  size.    The  worn  end  of  the  square  shaft 

ly  be  dressed  down  to  fit  the  corresponding  portion  of  the  uni- 

il  joint  member.    When  overhauling  a  car  in  which  a  torque 

is  used  care  should  be  taken  to  inspect  the  point  where  the 

[ue  tube  joins  the  rear  axle  differential  housing  to  insure  that 

rivets  are  tight  and  there  is  no  motion  between  the  torque  tube 

its  retaining  member. 

The  bearings  at  the  front  end  of  the  torque  tube  are  found  to 

subject  to  more  rapid  wear  when  this  construction  is  followed 

when  any  one  of  the  systems  shown  at  Fig.  366  is  used.    If  ad- 

tment  means  are  provided  the  bearing  depreciation  may  be  taken 

of  by  tightening  up  the  adjustments.     If,  however,  a  plain 

ibitt  bearing  or  bronze  bushing  is  used  it  will  be  necessary  to  re- 

the  defective  member  with  a  new  one.    The  end  of  tlie  torque 

is  often  provided  with  a  straight  roller  bearing.    If  there  is 

leh  play,  the  bearing  should  be  examined  to  see  whether  the 

are  worn  or  if  the  lost  motion  is  due  to  depreciation  of  the 

ig  shaft  or  the  roller  bearing  shell  member  carried  by  the* 

[ue  tube. 

The  usual  arrangement  of  a  radius  rod,  which  may  sometimes 
arranged  in  such  a  way  that  it  takes  torque  as  well  as  driving 
is  shown  at  Pig.  367,  C.  The  hinged  joint  where  deprecia- 
can  be  looked  for  when  overhauling  the  car  is  clearly  indi- 
in  this  illustration.  On  the  Buick  1915  automobiles  the  end 
ie  torque  tube  is  attached  to  the  gearset  in  a  novel  and  effec- 
maimer.    In  addition  to  the  usual  swinging  joint  between  the 
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yoke  member  and  the  end  of  the  torque  tube  which  takes  cared 
the  up  and  do^vn  motion  of  the  wheels,  the  ends  of  the  yokes  U 
fastened  to  a  ring  member  having  four  bearings  equidistanl|| 
spaced  at  Fig.  368.  Two  of  these  bearings  on  a  horizontal  plu 
are  used  as  a  support  or  hinged  joint  to  permit  of  up  and  (toq 
movement  of  the  axle.  Swaying  from  side  to  side  is  taken  care^ 
by  the  method  of  supporting  the  ring  at  the  top  and  bottom  1| 
substantial  cast  arms,  extending  from  the  back  end  of  the  gear  a^ 
It  will  be  apparent  with  this  construction  that  depreciation  of  A 
supporting  pins  of  the  ring  may  be  compensated  for  to  some  4 
tent  by  removing  the  bearing  caps  and  filing  a  little  off  of  thej 
faces  to  permit  them  to  be  brought  closer  to  the  pins.  Of  coui^ 
it  will  be  necessary  to  drill  the  holes  out  round  and  ream  them  \ 
the  proper  size  because  the  process  of  compensating  for  wear  wS 
tend  to  make  the  holes  elliptical,  instead  of  round.  I 

The  construction  of  the  universal  joint  used  with  this  method 
installation  is  clearly  shown  at  the  inset  A  which  shows  the  joil 
in  part  section.    In  addition  to  the  torque  and  radius  rods,  all 
the  various  members,  such  as  rod  ends  on  the  brake  rods  and 
trol  linkage  should  be  looked  over  wath  a  view  of  determining; 
any  wear  exists  at  the  bearing  pins.    As  no  provision  is  made 
adjustment  at  these  points  the  only  remedy  is  to  drill  the  holes 
larger  in  both  the  rod  end  and  its  supporting  yoke  and  suj 
new  pins  cf  larger  diameter  that  will  fit  the  holes  without 
motion. 

Front  Wheel  Adjustment.— ^^^len  cup  and  cone  type  ball 
taper  roller  bearings  are  employed,  it  is  necessary  to  adjust 
very  carefully  to  compensate  for  any  lost  motion  that  may 
the  assembly.     The  condition  of  the  bearings  may  be  ascei 
without  difficulty  when  these  are  used  in  the  wheels  by  jackii 
under  the  axle  to  relieve  the  wheel  of  the  car  weight  and  tl 
grasping  the  wheel  rim  at  opposite  points  and  shaking  the 
Any  looseness  in  the  bearings  can  be  detected  by  the  lost 
between  wheel  hub  and  spindle.     In  taking  up  lost  motion 
any  type  of  adjustable  bearing  is  employed,  considerable  ji 
must  be  exercised  in  screwing  up  on  the  adjusting  member 
get  this  up  too  tightly  and  impose  an  injurious  end  pi 
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]ls  or  rollers  (Fig.  369).  An  excess  pressure  that  will  stress 
taring  parts  dangerously  will  not  make  much  difference  in 
heel  resistance  when  turned  by  hand,  though  when  the  car 
-,  must  be  sustained  at  high  speeds  or  when  going  around 
s,  the  resistance 
e  increased  ma- 
y  and  bearing 
inee  -reduced  in 
•tion.  A  safe 
1  follow  is  to  take 
:  wear  by  screw- 
the  adjustment 
□  o  Q  g  h  so  the 
e"  or  looseness 
;  eliminated  and 
jrmit  the  wheel 
pin"  for  a  few 
tions  when  given 
tial  impulse, 
motorists  and  in- 
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Fig.  369.— Front  HuL  Showing  Nut  AdJiiBt«d 
Cup  and  Cone  Type  Ball  Bearing. 


>nced  mechanics  commit  the  error  of  adjusting  bearings  of 
ake  up"  type  too  loosely.  This  is  not  desirable,  any  more 
itting  parts  too  closely  together  is.  Always  lock  the  adjnst- 
nut  firmly  in  place  when  proper  adjustment  has  been 
3. 

iffler  Faults. — A  part  o£  the  chassis  that  is  often  overlooked 
overhauling  and  one  that  has  material  influence  on  the  power 
.  of  the  motor  is  the  device  used  for  mufQing  the  sound  of  the 
it.  The  internal  construction  of  mufSers  varies  widely,  some 
ing  only  of  simple  chambers  connected  together  to  form  a 
ith  for  the  gas  passage  and  reduce  the  noise  by  breaking  up 
lume  and  allowing  the  gas  to  expand  before  it  reaches  the 
more  complicated  forms  having  a  large  number  of  baffle 
or  partition  walls  pierced  with  numerous  small  holes.  The 
flfective  and  silent  type  of  muffler  is  generally  the  one  that 
We  trouble  first.  It  is  important,  therefore,  to  take  the 
■  apart  and  clean  out  all  accumulations  of  soot  or  burnt  oil 
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Fig.  37a— DlagTun  of  Locomobile  ObuHi,  Bbawtn^  1 
LuliTlcatfoiL 
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may  clog  np  the  gas  passages.  Mufflers  are  easily  taken  apart, 
illy  being  held  together  by  long  through  bolts  in  those  forms 
re  the  muffler  consists  of  a  number  of  cylindrical  shells  of  vary- 
diameter  held  between  cast  end  plates  used  to  support  the 
[.  Even  in  forms  where  a  large  number  of  chambers  are  pro- 
d,  these  being  adjacent,  the  muffler  is  held  together  by  bolts  or 
)eing  assembled  on  a  central  member  usually  a  continuation 
he  exhaust  pipe.  After  the  muffler  is  taken  apart  all  carbon 
burnt  oil  residue  should  be  scraped  off  and  all  the  parts  of  the 
ler  thoroughly  cleaned  with  kerosene  before  reassembling.  It 
so  weU  to  go  over  all  the  holes  designed  to  break  up  the  gas 
a  sharp  punch  or  fine  taper  reamer  to  make  sure  that  these 
not  been  reduced  to  less  diameter  than  they  should  be  by  ac- 
iilations  of  burnt  oil  or  carbon. 

Ihassis  Lubrication. — A  very  important  point  that  is  some- 
s  overlooked  after  a  car  has  been  overhauled  is  proper  lubri- 
n  of  the  chassis.  A  typical  six  cylinder  chassis  of  the  Loco- 
le  design  is  outlined  at  Pig.  370,  with  all  points  needing  lubri- 
n  clearly  outlined.  Practically  all  of  the  chassis  parts  are  lu- 
ited  through  the  medium  of  grease  cups  which  are  indicated 
circle  with  the  numbers  in  it,  the  numbers  ranging  from  1  to 
idusive,  beginning  at  the  bottom  of  the  diagram  and  running 
le  top.  It  is  important  to  go  over  all  the  grease  cups  when  a 
lis  has  been  overhauled  and  make  sure  that  they  are  filled  with 
Dd  grade  of  grease  of  suitable  density  which  must  resist  the 
n  of  water  and  contain  no  acid.  Grease  cups  Nos.  3,  4,  5,  6, 
2,  27,  and  28  are  very  important  and  should  receive  attention 
''  day  that  the  car  is  in  use.  Graphite  grease  is  recommended 
hese  points.  In  addition  to  the  grease  cups  there  are  a  num- 
»f  oiling  plugs  which  are  indicated  at  black  squares  and  a  let- 
Beginning  at  the  bottom  of  the  diagram,  oil  plug  A  should 
moved  to  supply  oil  to  the  timing  gear.  It  is  said  that  one  and 
lalf  pints  of  oil  are  necessary  every  500  miles.  The  magneto 
t  coupling  B  should  be  filled  with  grease.  C  is  the  plug  through 
X  grease  is  introduced  to  the  steering  worm  gear  case.  New 
e  should  be  supplied  when  overhauling,  then  the  operator 
d  be  cautioned  to  replenish  the  supply  every  100  miles.     D, 
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indicates  the  oil  opening  for  filling  the  oil  pump  gear  casing 
grease. 

The  disc  clutch  housing  is  provided  with  oil  plug  E. 
makers  of  the  car  illustrated  recommend  that  this  plug  be  rei 
at  the  end  of  every  1,500  miles  and  the  clutch  case  turned 
until  the  old  oil  runs  out.  The  interior  of  the  clutch  casing  s 
then  be  washed  carefully  with  gasoline  and  refilled  with  new 
cant.  This  may  be  a  mixture  of  one-fourth  pint  of  spindle  o 
one-fourth  pint  of  kerosene  or  a  mixture  of  one-third  pint  ol 
sene  and  one-sixth  pint  of  three-in-one  oil.  It  is  stated  that 
proportions  and  quantities  are  important.  The  transmissioi 
case  is  filled  through  oil  plug  P.  The  gear  case  should  be 
cated  with  some  good  quality  non-acid  grease  of  about  th 
sistency  of  vaseline.  It  is  stated  that  20j/^  lbs.  of  grease  are  i 
to  refill  an  empty  transmission  case  after  overhauling.  The 
gear  housing  at  the  rear  axle  is  provided  with  a  plug  G,  tl 
which  grease  can  be  introduced  to  lubricate  the  bevel  drive 
ing.  It  is  recommended  that  this  be  thoroughly  washed  ou 
ing  the  overhauling  process  even  if  the  rear  axle  is  not 
apart.  It  takes  one  quart  of  grease  to  fill  this  housing 
proper  point.  The  oil  plugs  H  and  I  indicate  minor  driving 
lings,  which  do  not  require  attention  very  often,  inasmuch 
makers  advise  filling  with  grease  every  5000  miles.  It  : 
necessary  to  keep  the  interior  of  the  wheel  hubs  filled  with  s 
grease. 

Among  the  minor  points  that  need  lubrication  are  the  fai 
ings,  which  may  be  packed  with  gear  grease  at  the  time 
yearly  overhauling.  There  are  a  number  of  minor  points  in( 
by  round  black  dots  that  are  oiled  with  a  hand  oil  can  or  s 
by  means  of  oil  cups  and  oil  holes.  The  most  important  o1 
are  as  follows :  Starting  crank,  oil  every  week.  Magneto,  fen 
every  2000  to  2500  miles.  Foot  pedal  shaft  bearings,  oil  coi 
every  month.  Steering  column,  squirt  plenty  of  oil  throQj 
hole  in  the  steering  column  every  week.  Oil  also  the  fixa 
of  the  spark  and  gas  lever.  Hand  lever  shaft  bearings,  lul 
every  week.  Brake  shaft  bearings,  oil  about  every  2000 
Dynamo  bearings,  forty  drops  every  100  mil^    Steering  uai 
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ndicated  by  the  letters  B,  J,  remove  the  leather  boots  and 
th  good  graphite  grease  every  1000  miles.  The  universal 
1  the  propeller 
rhich  are  indi- 

the  letters  U  J 
,  should  be  in- 
cleaned  and 
d  with  grease 
»nce  a  season, 
ould  be  taken 

sure  that  the 
>lant  also  has 
per  grade  and 
'  of  lubricant 
he  car  is  per- 
to  leave  the 
VIost  cars  em- 
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.Jkt^ 

>^^'^^^*""^"^^THB^"^^w 

■^-^ 

y 

4  ^ 

KUBBn  Tuer^^^      ■       1 

Fig.  371. — ^Method  of  Testing  Acetylene  Gas 
Piping  for  Leakage. 


stant  level  splash  systems,  which  have  been  previously  de- 
the  only  precaution  is  to  make  sure  that  the  oil  is  at  the 
level  in  the  engine  crank  case.  The  strainer  screen  that 
le  oil  before  it  goes  into  the  pump  should  be  cleaned  every 
d  it  is  recommended  that  after  1000  miles  road  service  that 
)il  be  drained  out  of  the  engine  base. 
ting  Acetylene  Qas  Leak. — Before  the  general  adoption 
ic  lighting  practically  all  automobiles  were  supplied  with 
B  gas  burning  head  lights,  the  gas  supply  being  from  a  car- 
erator,  Prest-o-lite  or  similar  tank.  In  many  cases  trouble 
ienced  through  leakage  of  the  gas  which  escapes  from  mi- 
les in  the  gas  line,  which  usually  consists  of  copper  tubes 
in  the  frame  channel  and  connected  to  the  gas  tank  and 
ith  flexible  rubber  tubes.  TVTiile  the  overhauling  process 
carried  on,  it  is  well  to  test  the  pipe  lines  to  see  if  there 
leaks  in  order  to  replace  the  copper  tubes  with  new  ones 
hey  have  chafed  from  contact  with  a  frame  member  or 
>  or  if  a  seam  has  opened  up  with  vibration.  A  very  sim- 
lod  of  determining  whether  there  is  a  leak  or  not  shown 
171,  was  described  in  the  Automobile.    The  apparatus  con- 
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sists  of  three  pieces  of  rubber  tubing,  a  three  way  pipe  conne 
and  a  glass  TJ  tube.  The  burners  of  the  acetylene  lights  ar 
moved  and  the  ends  of  the  rubber  tubes  are  placed  over  the 
jecting  pipes  as  shown  in  the  illustration.  The  valve  on  th 
tank  should  be  closed  while  this  is  being  done.  Water  is  now  p 
in  the  TJ  tube  but  not  enough  to  completely  fill  it.  The  needle 
on  the  gas  tank  is  slowly  opened  until  the  water  in  one  arm  < 
U  tube  is  lifted  higher  than  that  in  the  other  because  of  th 
pressure.  The  valve  is  then  closed  and  the  water  level  in 
tube  watched.  If  water  drops  to  the  same  level  in  both  brg 
there  is  a  leak.  A  leak  may  be  found  by  going  over  all  the 
with  oil  or  a  thick  soap-suds  solution,  taking  especial  care  to 
those  portions  of  the  pipes  that  are  resting  against  the  frame 
bers  and  also  all  the  soldered  joints.  The  escaping  gas  will 
the  soapy  solution  or  the  oil  to  bubble  at  the  point  where  it  es 


CHAPTER    IX 

THi!i    KEAR    AXLE    AND    DRIVING    SYSTEM 

ar  Axle  Nomenclature — Semi-Floating  Axles — Three-Quarter  Floati 
^  — Full  Floating  Types — ^Taking  Rear  Axle  Apart — Adjusting  Be^ 
"r  Gears — Worm  and  Spiral  Bevel  Drive  Gears — ^Two-Speed  Axles 

*--         Reduction   Axles — Internal   Gear   Drive — Four   Wheel   Drive— fi 
-  Bevel    Gear   Differential — Chain    Drive   Troubles — Trussing    W€ 

Housings — Axle  Lubrication — Oil  Retaining  Means — ^Types  of  A: 
.ji..  ings — Care  and   Adjustment  of  Axle  Bearings — Brake  Forms 

1  justment. 

f 

f  Owing  to  the  advances  that  have  been  made  in  metallui 
a  more  general  appreciation  of  principles  of  design  by  en 
the  rear  axle  is  a  part  of  the  car  that  seldom  gives  trou 
which  usually  needs  attention  only  when  the  car  is  thorough 
hauled.  Very  few  motor  car  manufacturers  build  their  oi 
axles  and  most  of  those  used  are  the  product  of  specialii 
make  nothing  but  front  and  rear  axles.  The  result  of  tl 
eentration  upon  one  product  means  that  the  various  details 
portion  of  parts  have  received  careful  attention  which  h; 
based  on  a  wide  experience.  The  material  best  adapted 
various  parts  have  been  carefully  determined  and  practice 
only  condition  that  interferes  with  proper  rear  axle  operate 
ring  occasional  accidents,  are  those  due  to  natural  wear, 
describing  the  method  of  taking  down  rear  axles  it  may 
for  the  reader  to  become  familiar  with  the  different  axle  ty] 
their  method  of  construction.  The  designs  used  vary  wide 
some  types  it  is  possible  to  get  at  all  the  essential  parts  in 
tively  short  time  without  removing  the  rear  construction  fi 
chassis.  In  other  forms  it  is  necessary  to  take  them  con 
apart  before  access  may  be  had  to  the  d\fteTeii\\«\  ^^%x^ 
asJe  shafts  and  their  supporting  bearings. 

747 


748  Automobile  Repairing  Made  Easy 

Bear  Axle  Nomenclature. — The  various  types  of  axles 
have  been  used  in  automobile  construction  as  defined  by  the  ( 
engineer  of  the  Weston-Mott  Company,  one  of  the  largest 
manufacturers  in  the  world,  are  illustrated  at  Fig.  372. 
shows  the  four  main  classes  of  axles,  which  are  termed  semi-1 
ing,  three-quarter,  seven-eighths  and  full  floating  types,  these  t 
designated  by  the  letters  A,  B,  C,  D,  respectively.    While  the  i 
trations  are  self  explanatory  to  one  well  versed  in  automobile 
struction  it  may  be  well  to  describe  the  various  types  in  detai 
the  benefit  of  those  who  have  not  had  occasion  to  take  all 
various  types  apart.    On  the  semi-fioating  axle,  as  shown  at  A 
entire  w^eight  of  the  car  comes  upon  the  axle  shafts  which  alsc 
depended  on  to  transmit  the  power  from  the  differential  gea 
to  the  wheel  hubs.    It  is  said  that  in  time  this  would  have  a 
dency  to  cause  the  shafts  to  crystallize  and  break  unless  great 
is  taken  in  proportioning  the  shafts  so  strong  that  they  will  r 
the  stresses  imposed  upon  them.    This  type  of  axle  is  not  genei 
recognized  as  the  semi-floating  form  as  most  engineers  call 
non-floating  live  axle.     The  reason  for  this  is  that  the  axle  s 
does  not  even  partially  float  as  it  is  held  in  the  hub  of  one  of 
differential  bevel  gears  by  threaded  retention  members.    In  cm 
to  be  a  semi-floating  axle  it  would  be  necesisary  to  utilize  a  beai 
type  at  the  wheel  end  that  would  take  end  thrust  and  keep 
wheel  shaft  in  place  while  the  part  of  the  axle  that  projected 
the  differential  would  not  be  held  by  any  threaded  nut. 

A  true  semi-floating  axle  should  be  of  such  form  that  the 
may  be  readily  withdrawn  without  necessitating  the  complete 
assembly  of  the  rear  construction.  The  axle  shown  is  aemi-floa 
to  a  degree,  however,  because  the  differential  gear  is  carriec 
bearings  which  are  outside  of  the  differential  case  bosses  instei 
bearing  directly  on  the  axle  shaft,  as  is  the  case  with  light  J 
of  such  cars  as  the  Ford.  The  three-quarter  floating  axle  A 
at  B  is  a  design  in  which  the  axle  shaft  is  subjected  only  to 
sional  strains  or  to  a  twisting  action  due  to  the  power  applM 
drive  the  car.  The  wheel  bearing  is  mounted  on  the  axle  hm 
instead  of  inside  of  that  member  as  shown  at  A«  This  hnag 
strain  due  to  the  weight  of  the  car  on  the  non-rotating  axle  1 
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Fig.  372. — ^Defining  Principal  Types  of  Weston-Mott  Sear  Axle 

Construction. 


^  instead  of  on  the  shaft  as  in  the  type  shown  at  A.  The  type 
)wn  at  C,  which  is  termed  the  seven-eighths  floating  by  some 
^neers  and  which  is  called  a  single  bearing  full  floating  hub 
others,  has  many  of  the  advantages  of  the  three-quarter  floating 
astruction  in  that  the  drive  axle  tends  to  steady  the  w^heel  and 
lo  has  the  advantage  of  the  full-floating  type  \w  \JaaX  \>Dkfc  ^«^^ 
y  be  removed  from  the  rear  construction  mt\vo\3\.  V^va^^  ^ 
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housing  apart.  The  axle  shaft  may  be  withdrawn  from  the  dii 
ential,  which  is  not  possible  in  the  form  shoii^Ti  at  A  and  B  wh«| 
the  end  of  the  axle  is  securely  retained  inside  of  one  of  the  differ- 
ential bevel  gears  by  a  nut. 

The  standard  full  floating  type  of  axle,  which  is  shown  at  D, 
does  not  depend  on  the  driving  shaft  to  steady  the  wheel,  which  is 
held  against  side  movement  by  si)acing  the  wheel  hub  bearings  a 
each  side  of  the  spoke  center  line.  The  advantage  of  the  full- 
floating  type  of  axle  is  that  the  driving  shaft  may  be  withdnn 
without  disturbing  the  wheels  or  jacking  up  the  axle  and  the  dif- 
ferential gearing  may  be  removed  from  the  rear  construction  by 
partially  withdrawing  the  drive  shafts  and  not  requiring  jacking 
up  the  axle  inasmuch  as  tlie  wheels  still  support  the  load. 

Semi-Floating  Axles. — The  difference  between  the  semi-float- 
ing and  three-quarter  floating  axles  may  be  readily  understood  by 
referring  to  the  sectional  views  at  Fig.  373.  The  complete  as- 
sembly of  the  differential  and  driving  gears  with  one  of  the  axle 
shafts  of  a  Weston-^Iott  three-quarter  floating  rear  axle  is  shown 
at  A,  while  a  similar  Si»ctional  view  of  the  Reo  axle  is  shown  a1 
B.  The  semi-floating  axle  used  on  some  types  of  Pierce- Arrow  can 
is  shown  at  Fig.  374.  It  will  be  observed  that  in  the  Beo  con 
struction  the  axle  shaft  mu^t  transmit  the  power  and  also  support 
the  portion  of  the  weight  of  the  car  that  comes  on  the  rear  whee 
it  carries.  Beginning  with  the  universal  joint  on  the  drive  shaft 
the  power  is  transmitted  through  the  pinion  shaft  to  the  beve 
pinion  which  in  turn  im[)arts  its  motion  to  the  ring  gear  or  maste 
gear  riveted  to  the  differential  case.  When  the  car  is  traveliuj 
straight  ahead  the  power  is  transmitted  directly  to  the  two  dii 
ferential  gears  which  are  fastened  to  the  axle  shaft  by  keys  an' 
taper  retaining  pins  and  which  turn  the  wheels  forced  onto  tli 
keys  on  the  tapered  outer  axle  end.  When  the  car  turns  a  eorne 
the  outer  wheel  travels  faster  than  the  other,  suitable  compensj 
tion  for  the  difference  in  speed  being  made  by  the  differential  geai 
and  pinions.  As  will  be  apparent  the  pinion  shaft  is  carried  h 
taper  roller  bearings  as  is  the  differential  assembly.  The  axle 
aiipported  at  the  wheel  ewd  by  «.  11^^.11,  hi^li  duty  tyi>e  rollc 
beuring. 


Sfiiti-FloatiiHj  ^ijjlt's 


^  (//tire'TMi.  Jomr 


— Tliiee-<)iurter  Floating  Axle  at  A,  B«o  Semt-FlOAtlng 
Axle  at  R 


There  are  two  adjustments  on  this  axle,  one  that  allows  tl: 
movement  of  the  dilTereDtial  gearing  bo  the  ring  gear  may  \ 
brought  into  closer  mesh  with  the  bevel  pinion,  when  de^reciaiic 
oeeura,  or  in  the  initial  adjustment  when,  the  as\«  Sa  ttSM^i^ 
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The  other  is  the  adjustment  of  the  bevel  pinion  so  this  ala 
be  brought  into  closer  relation  with  the  bevel  gear.  The  f 
is  adjusted  by  removing  the  rear  of  the  axle  housing  and  ti 
the  threaded  rings  that  bear  against  the  inner  races  of  the  U 
roller  bearings  at  each  side  of  the  diflferential  gear.  It  v 
apparent  that  as  one  bearing  adjustment  is  turned  to  pu: 
bearing  inner  race  away  from  the  diflferential  that  the  othei 
be  turned  in  toward  the  diflferential  to  permit  the  other  b 
inner  race  to  move  along  its  supporting  boss.  The  bevel  pii 
adjusted  by  turning  on  the  sleeve  S  which  moves  the  piniot 
and  its  bearing  as  a  unit.  The  bearing  adjustment  is  obtaii 
slowly  rotating  the  adjusting  member  P  as  desired.  By  si 
the  big  gear  endwise,  which  means  that  the  entire  diflferentia 
be  moved  from  one  side  to  the  other  and  the  driving  pin 
and  out,  it  is  not  diflScult  to  obtain  correct  cdignment  of  th^; 
gearing.  It  is  well  to  have  a  slight  amount  of  back  lash  b 
the  teeth  of  the  gears,  the  amount  allowed  being  about  .004 1 
inch.  The  position  of  the  driving  pinion  and  gear  relative  t 
other  is  very  important.  Noisy  gears  are  the  result  of  the 
and  gear  not  being  in  correct  mesh.  It  has  been  found  that 
gears  are  out  of  position  more  than  1-lOOth  inch  (.01")  th 
gears  will  be  noisy  in  action.  The  exact  adjustment  can  b 
determined  by  trial,  it  being  considered  more  desirable  tc 
some  back  lash  in  the  gears  rather  than  have  them  fit  too  ti 
In  taking  a  semi-floating  axle  apart  when  of  the  type  sin 
Pig.  373,  B,  the  first  step  is  to  remove  it  from  the  chassis,  si 
it  by  suitable  trestles,  and  then  to  pull  oflf  the  wheels  frc 
taper  wheel  seats.  This  is  done  by  unscrewing  the  wheel  ret 
nut  on  the  threaded  axle  end  and  then  knocking  the  wh 
the  axle  shaft  or  pulling  it  oflf  with  a  properly  designed 
puller,  as  shown  in  Chapter  II.  or  in  Pigs.  353  and  363  he] 
The  next  step  is  to  release  the  axle  housing  tube  from  the  8 
the  differential  housing  by  unscrewing  the  nuts  that  hold  the 
on  the  axle  tubes  from  the  studs  attached  to  the  differentia 
ing.  The  axle  housing  may  then  be  easily  withdrawn  over  t 
after  the  wheel  driving  keys  have  been  removed  from  thi 
wheel  seats.    This  leaves  the  differential  mechanism  in  place 
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I  housing  with  the  two  axle  shafts  projecting  one  on  each 
next  step  is  to  unscrew  the  pinion  shaft  carrier  in  order 
le  drive  gearing  out  of  niesh.  This  is  done  by  loosening 
ing  n«t  and  iinscrfwing  the  sleeve  S.  After  the  pinion 
acked  off  the  differential  casing  may  be  taken  apart  and 
^r  the  axle  shafts  which  will  give  access  to  the  pins  pass- 
;h  the  bevel  differential  gear.     Tliese  are  knocked  out 


4. — Soctlonal  View,  Sbowlng  Construction  of  Pierce-Ariow 
Bami-Floattng  Axle. 


3le8  the  operator  to  draw  the  axle  shaft  out  of  the  differ- 
■mWy.  After  the  two  shafts  have  been  withdrawn  the 
I  parts  may  be  easily  removed  through  an  opening  left 
jff  the  differential  housing  cover  plate.  To  take  the  semi- 
le  shown  at  Pig.  374  apart  it  is  necessary  to  remove  the 
1  part  the  differential  bousing  on  the  center  line  divid- 
lember  into  two  symmetrical  halves.  Before  this  can  be 
linion  drive  shaft  carrier  must  be  removed  and  the  bolts 
e  halves  of  the  differential  housing  together  must  be  un- 
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Tig.  376. — Part  Sectional  Tlew,  Showing  OonBtxnetloii  of  f>i 
Three-Qnarter  Floating  Axla. 
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brewed.    In  this  construction,  half  of  the  differential  housing  and 
le  live  axle  shaft  housing  come  off  as  a  unit. 

Three-Quarter  Floating  Axles. — The  three-quarter  floating 
de,  such  as  shown  at  Fig.  373,  A,  and  Pig.  375,  cannot  be  taken 
)art  until  the  wheels  have  been  removed  from  the  axle  shaft. 
ere  again  it  is  necessary  to  take  the  pinion  drive  shaft  off  before 
e  differential  housing  can  be  split  vertically  in  the  axle  shown 

A.  In  that  shown  at  Pig.  375,  it  is  not  necessary  to  take  the 
ar  construction  apart  as  the  differential  may  be  Temoved  from  the 
using  by  taking  off  an  exceptionally  large  cover  plate.  It  is 
cessary  to  take  the  wheels  off  however,  in  order  to  permit  the 
tbdrawal  of  the  axle  shafts.  The  gears  are  meshed  in  the  form 
own  at  373,  A,  by  a  simple  adjustment  member  which  moves  the 
oion  drive  shaft  back  and  forth  in  its  supporting  housing  until 
B  proper  degree  of  engagement  wuth  the  ring  gear  is  obtained. 
>re  detailed  instructions  for  adjusting  various  forms  of  bevel 
iving  gears  will  be  given  in  proper  sequence. 

Full  Floating  Axle. — The  construction  of  a  full  floating  axle 
ed  on  some  Overland  models  is  shown  at  Pig.  376.  In  order  to 
tbdraw  an  axle  shaft  it  is  only  necessary  to  unscrew  the  hub  cap 
d  pull  the  driving  end  of  the  shaft  out  of  the  slots  in  the  wheel 
b  into  which  it  fits.  The  driving  end  of  the  axle  shaft  is  provided 
th  a  driving  clutch  member  that  is  intended  to  fit  into  depres- 
qQS  milled  into  the  wheel  hub.  Sometimes  the  driving  clutch  will 
t  loose  in  the  wheel  hub  owing  to  depreciation  of  the  clutch 
sth  or  the  slots  in  which  they  engage.  If  the  wear  is  not  too 
eat  compensation  for  the  looseness  may  be  made  by  heating  up 
e  ends  of  the  clutch  teeth  and  hammering  them  out  so  that  they 
in  be  even  wuder  than  the  slots,  then  filing  them  to  fit.  After 
ie  axle  shafts  are  withdrawn  if  one  desires  to  remove  the  wheel 
pg  may  be  easily  accomplished  by  unscrewing  the  locking  nut 
lit  keeps  the  bearings  in  place  on  the  axle  tube.  The  wheel  may 
IbL  be  withdrawn  with  its  supporting  bearings.  To  remove  a  dif- 
irential  gear  assembly,  one  must  first  withdraw  the  axle  shaft 
tapletely  out  of  the  interior  of  the  differential  gearing  which  is 
prily  accomplished  because  of  the  squared  ends  which  fit  broached 
Iks  in  the  differential  bevel  gears  and  then  releasing  the  differ- 
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iring  holding  caps  by  unscrewing  the  retaining  nuts  or 
s.  The  differential  may  then  be  removed  from  the  differ- 
ng  as  a  unit  with  its  supporting  bearings.  In  this  con- 
it  is  not  necessary  to  readjust  the  bevel  gearing  because 
tment  need  not  be  disturbed  when  the  differential  assem- 
Qoved.  This  is  a  marked  advantage  of  the  full  floating 
:n  over  the  semi-  and  three-quarter  floating  forms  shown 
73. 

g  Rear  Axle  Apart. — The  parts  comprising  a  typical  live 
le  non-floating  form  are  showTi  at  Fig.  377.  As  will  be 
the  main  portions  of  the  rear  construction  are  three  hous- 
e  of  these  is  termed  the  left  half  driving  gear  housing, 
the  right  half.  Attached  to  these  members  are  the  axle 
ch  carry  the  brake  assembly  at  the  outer  end  and  a  spring 
een  the  driving  gear  housing  and  the  brake  carrying 
ich  of  the  axle  housings  is  really  comprised  of  three  mem- 
of  these  being  malleable  iron  or  semi-steel  castings  joined 
by  a  length  of  seamless  steel  tubing  to  which  they  are 
attached  by  riveting  and  brazing.  The  propeller  shaft 
Ties  the  driving  pinion  is  mounted  in  a  separate  housing 
^hich  has  a  flange  at  its  lower  end  by  which  it  may  be 
the  differential  housing  when  the  two  halves  comprising 
ber  are  bolted  together.  The  axle  drive  shafts  are  shown 
to  the  differential  gears.  The  parts  comprising  the  dif- 
assembly  are  shown  at  the  lower  right  hand  corner  of  the 
in,  the  brake  bands  and  spring  seat  are  shown  at  the  left 
ler. 

ler  to  understand  the  method  of  taking  the  rear  construc- 
t,  the  method  followed  in  dismantling  the  Locomobile  axle 
at  Fig.  378.  While  this  member  has  the  advantages  of 
oating  type  in  permitting  the  removal  of  the  wheel  drive 
wheels  when  necessary,  the  differential  gearing  cannot  be 
without  taking  the  differential  housing  apart.  The  ap- 
of  the  rear  construction  after  the  wheel  bearings,  spring 
1  brake  carrying  castings  have  been  removed  from  the 
housing  is  shown  at  A.  The  first  step  is  to  remove  the 
a  the  studs  on  the  sides  of  the  pinion  carrier  and  the  boll* 
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passing  through  the  remainder  of  the  bosses.  This  permits  one 
to  pull  the  halves  of  the  differential  housing  apart,  exposing  the 
differential  gearing  as  shown  at  Fig.  378,  B.  The  bevel  inn 
pinion  assembly  or  third  member  is  held  in  place  by  three  stndi 
in  a  suitable  extension  from  the  differential  housing  and  may  be 
removed  from  that  member  as  a  unit  by  removing  three  nuts  and 
withdrawing  it  from  the  case. 

The  parts  comprising  the  differential  gear,  which  is  of  the  be^d 
gear  and  pinion  type  are  clearly  shown  at  Fig.  378,  C.  The  dif- 
ferential casing  with  the  ring  gear  removed  is  shown  at  5.  ii 
will  be  apparent  the  casing  is  composed  of  two  halves  1  and  i 
these  being  held  together  by  through  bolts  passing  through  the 
flanges  of  the  case  casting.  Each  flange  has  four  notches  of  semi- 
cylindrical  form  machined  therein,  these  to  retain  the  extenaon 
from  the  differential  spider  on  which  the  pinions  revolve  as  shom 
at  2.  The  spider  and  pinion  assembly  in  place  in  one-half  of  the  i 
differential  casing  is  shown  at  4.  The  spider  with  the  bevel  pinioi 
and  the  face  gears  employed  to  drive  the  live  axle  shafts  in  the 
relation  they  occupy  inside  of  the  differential  is  dearly  shown  atl 
The  points  most  subject  to  wear  are  the  bushings  in  the  differentiil 
pinions  which  are  usually  of  bronze  and  which  may  be  driven  oil 
and  replaced  by  new  ones  and  the  bushings  in  the  differential «« 
hubs  that  are  employed  to  support  the  bevel  differential  or  &«" 
gears.  If  the  supporting  pins  on  which  the  pinions  revolve  which, 
are  part  of  the  differential  spider  are  worn,  a  new  spider  membtf 
must  be  substituted  for  the  defective  one.  But  little  wear  will  hi 
found  in  the  teeth  of  the  bevel  pinion  differential  as  these  iH 
usually  a  substantial  form  and  because  the  gearing  is  thorougUfj 
lubricated  at  all  times.  Obviously  the  process  of  reassembling  1hi| 
axle  is  the  reverse  to  that  of  dismantling  it. 

Adjusting  Bevel  Drive  Gear. — Bevel  drive  gearing  is  flj-j 
ported  on  two  types  of  bearings,  both  belonging  to  the  anti-1 
tion  class.    The  type  of  bearing  used  for  supporting  the  bevd 
pinion  shaft  and  the  differential  assembly  determines  the 
of  adjustment  provided  to  a  large  extent.    The  bevel  drive 
assembly  shown  at  Fig.  379,  A,  is  that  used  on  the  Hudson 
37,  and  is  similar  in  design  to  that  employed  on  many  other 
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is  construction  taper  roller  licarings  are  used  throughout, 
ring  common  practice  in  full  floating  axles  the  differential 
od  the  pinion  drive  shaft  are  supported  by  a  common  casting 
er  to  ohtain  correct  alignment  more  easily.  The  pinion  drive 
is  supported  by  two  taper  roller  bearings,  one  being  placed 
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immediately  back  of  the  drive  pinion  while  the  other  is  ased  it 
upper  end  of  the  pinion  shaft  as  a  steadying  member.     The  ki 
bearing  is  mounted  in   a  threaded  adjustment  member  but  I 
upper  bearing  seats  against  a  shoulder  in  the  pinion  drive  i 
housing.    In  order  to  mesh  the  pinion  deeper  with  the  ring  9 
L  necessary  to  release  the  adjustment  lock  that  keeps  the  thmUl 
adjustment  from  turning  and  also  to  back  off  the  adjusting  ■ 
for  the  upper  bearii^.    After  the  threaded  adjustment  membertfll 
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Fig.  379. — Sectional  Diagrams  of  Bevel  Drive  dean,  Bhowlas  MfUwd 
of  Adjusting  the  Oearing. 


been  screwed  in  or  out  to  secure  the  proper  meshing  of  the  rin( 
gear  and  after  it  is  securely  locked  in  place  by  screwing  the  ad 
justment  lock  back  into  one  of  tlie  slots  made  to  recei^-e  it,  tb 
upper  roller  bearings  should  be  carefully  adjusted  by  screwii^  tb 
adjusting  niit  against  the  spacer  member,  this  pulling  the  iniM 
race  of  the  lower  roller  beariuy  firmly  against  the  outer  membe 
and  ill  turn  seating  the  ou\.et  latti  ^t^^j  \n.  '^v*  'Okx««As&  ^KjaJ 
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ent  member.    The  adjustment  is  considered  complete  when  there 

absolutely  no  up  and  down  motion  to  the  pinion  drive  shaft  and 
hen  no  appreciable  effort  is  needed  to  revolve  it  and  the  differen- 
fei  gear  when  the  wheel  drive  sliafts  are  pulled  clear  of  the  dif- 
rential  gear  interior. 

The  adjustment  of  the  differential  gearing  and  the  ring  gear  is 
oomplislied  by  threaded  adjustment  rings  or  nuts  which  bear 
«inst  the  inner  race  of  the  taper  roller  bearings  employed  in 
pporting  the  differential.  These  adjusting  nuts  are  provided 
th  a  series  of  slots  by  which  they  may  be  turned  and  which  also 
rve  to  receive  the  tongue  of  the  adjustment  lock  member.  To 
>ve  the  differential  gearing  it  is  necessary  to  first  release  the  ad- 
Btment  locks  and  then  to  turn  one  threaded  adjustment  nut  in 
d  the  other  out  until  the  proper  degree  of  engagement  of  the 
ars  is  secured.  For  example,  in  the  gearing  shown  at  A,  if  it 
desired  to  mesh  the  ring  gear  more  deeply  with  the  drive  pinion 
5  adjustment  on  the  right  would  be  slacked  off  or  screwed  in 
ward  the  differential  a  certain  number  of  turns,  or  such  portion 

a  revolution  as  would  be  necessary  to  bring  the  gears  closer  to- 
ther  while  the  adjusting  nut  on  tlie  left  is  screwed  away  from 
i  differential  the  same  number  of  turns  in  order  to  keep  the  roller 
uings  on  both  sides  in  proper  relation.  There  should  be  ab- 
utely  no  back  lash  in  tlie  taper  roller  bearings  nor  lateral  movc- 
snt  of  the  differential  gear  assembly.  At  tlie  same  time  the  gear- 
S"  should  be  turned  without  appreciable  effort  when  the  pinion 
iTe  shaft  is  rotated  by  hand. 

The  sectional  view  of  the  bevel  drive  gearing  of  the  1914  Loco- 
>bile  is  shown  at  Fig.  379,  B.  This  is  similar  in  construction  to 
it  previously  described  except  that  ball  bearings  are  used  in- 
ad  of  the  taper  roller  form.  The  pinion  shaft  assembly  is  car- 
'd  by  two  single  row  radial  bearings  and  one  ball  thrust  washer, 
i  whole  being  mounted  in  a  carrier  member  which  may  be  screwed 
or  out  of  the  housing  to  secure  proper  gear  engagement.  The 
ferential  gearing  is  not  adjustable  sideways  as  it  is  believed  that 
J  necessary  adjustments  can  be  made  by  moving  the  pinion  shaft 
lier  in  and  out  of  the  differential  housing.  It  will  be  observed 
tt  the  ling  gear  side  of  the  differential  is  supported  by  a  radial 
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bearing  and  a  ball  thrust  bearing.  This  is  because  the  action 
the  inclined  bevel  gear  teeth  produces  a  certain  end  thrust  wbi 
tends  to  move  the  differential  assembly  to  the  left,  this  end  thn 
being  resisted  by  the  ball  bearing  especially  fitted  for  that  purpo 
A  radial  bearing  is  used  on  the  right  hand  side  of  the  different 
casing,  this  carrying  a  radial  load  only.  Whenever  an  adjustmc 
has  been  altered  it  is  important  to  make  sure  and  lock  it  firmly  ii 
its  new  position  by  the  means  provided  for  that  purpose.  In  mi 
cases  these  are  readily  apparent  upon  inspection. 

The  adjustment  of  the  large  bevel  gear  in  the  Overland  k 
axle  shown  at  Fig.  375,  requires  careful  attention  to  details  to  i 
complish  successfully.  Take  the  cover  from  the  differential  hoi 
ing  by  removing  the  cap  screws  by  which  it  is  retained.  Remc 
the  thrust  bearing  adjustment  lock  on  the  side  toward  which  1 
diflPerential  is  to  be  moved  with  a  screw  driver  and  turn  the  i 
justing  cup  of  the  thrust  bearing  in  the  same  direction.  Thi 
various  parts  are  plainly  identified  by  suitable  lettering  on  1 
illustration.  Next  loosen  the  two  screws  which  hold  the  spUt  d 
ferential  adjusting  collar  until  that  member  may  be  turned  in  t 
desired  direction.  Moving  the  collar  on  one  side  of  the  different! 
makes  it  necessary  to  adjust  the  one  on  the  opposite  side  accoi 
ingly,  both  axle  ends  having  right  hand  threads.  When  the  pitf 
meshing  of  the  gears  is  obtained,  tighten  both  collars  and  fdh 
this  by  bringing  the  thrust  bearings  close  to  the  adjusting  coDn 
Be  sure  to  tighten  all  screws  and  to  replace  the  small  locks  lAi 
keep  the  cups  from  turning  after  adjustment  has  been  made. 

To  remove  the  axle  shafts  it  is  necessary  to  loosen  the  screm 
the  differential  adjusting  collar  until  the  threaded  portions  of  tl 
shaft  may  be  withdrawn  through  the  collar.  To  remove  the  dift 
ential  gear  it  is  necessary  to  withdraw  the  axle  shafts  first,  tk 
to  remove  the  roller  bearing  retention  caps.  The  differential  a 
then  be  lifted  out  of  its  liousing.  When  reassembling,  it  is  impel 
tive  to  mesh  the  bevel  gears  correctly  and  to  adjust  the  ball  thr 
bearings  properly,  taking  care  not  to  get  these  too  tight  agai 
the  differential  adjustment  collars.  If  the  axle  leaks  oil  it  is  na 
sary  to  renew  the  grease  retaining  felt  washer. 

All  differentials  and  driving  gear  assemblies  are  not  capaU 


Rear  Axle  Types- 


765 


adjusted  as  in  some  axles  one  depends  more  on  a  close  fitting 
parts  when  the  axle  is  first  constructed.  Two  types  of  differ- 
s  that  cannot  be  adjusted  to  change  the  relation  of  the  driv- 
earing  are  sliowii  at  Fig.  380,  B  and  C.  That  shown  at  B 
=en  used  on  a  number  of  Pierce- Arrow  models  and  as  will  be 
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■ent  the  differential  housing  is  divided  vertically  in  the  cen- 
id  no  proTLsios  is  made  for  adjusting  the  ball  thrust  bearing 
ted  at  either  side  of  the  differential  case.  As  but  little  de- 
ition  will  exist  in  a  well  designed  and  properly  constructed 
Lxle  it  is  believed  that  any  depreciation  can  best  be  remedied 
i  substitution  of  new  parts  for  those  that  have  become  worn. 
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The  same  is  true  of  the  assembly  shown  at  C.    In  this  roller  bea^  : 
ings  are  used  to  support  the  differential  while  ball  tlirust  bearinp 
are  depended  on  to  take  tlie  end  thrust  on  the  wheels  as  well  as 
that  produced  by  the  bevel  gears.     When  these  axles  arc  taktn  .J 
apart  there  is  only  one  w^ay  in  which  they  can  be  reassembled  « 
far  as  replacing  the  bearings  is  concerned,  although  on  many  typei 
in  which  symmetrical  axle  housings  are  used  it  is  possible  to  replace . 
the  differential  assembly  so  the  master  gear  will  be  on  the  wrong 
side  of  the  pinion.     This  will  result  in  the  rear  wheels  tiirninf 
backward  when  the  forward  speed  ratios  are  engaged  and  of  turn-, 
ing  forward  when  the  reverse  gears  are  in  mesh  in  the  transmii* 
sion.    The  bevel  gear  in  the  assembly  shown  at  C,  is  on  the  rigH 
side  of  the  pinion  for  engines  as  ordinarily  constructed,  that  i^ 
those  turning  clockwis<\    In  the  assem})ly  shown  at  B,  the  dito 
ential  is  placed  in  such  a  way  that  if  used  with  an  engine  turniv 
clockwise  the  drive  will  be  reversed  wiien  the  forward  ratios  of  tfcl 
gearset  are  engaged.     Care  should  always  be  taken  when  in  idl 
is  dismantled  to  notice  the  relation  of  the  parts  before  they  lit 
taken  out  to  make  sure  that  they  are  replaced  correctly. 

In  some  cases  double  reduction  gearing  is  used  in  the  rear  aA 
This  is  employed  in  gasoline  commercial  vehicles  and  some  ekelfli 
pleasure  cars.  The  rear  construction  shown  at  Pig:.  380,  is  tW 
used  on  the  Autocar  trucks  and  combines  spur  and  bevel  geanili 
such  a  manner  that  two  reductions  of  speed  are  obtained  in  the 
housing  itself.  On  the  end  of  the  drive  shaft  a  bevel  pinion  is 
ried  which  meshes  with  the  ring  gear  which  instead  of  being 
tached  directly  to  the  differential  as  in  the  conventional  co 
tion,  is  employed  to  turn  a  countershaft  on  which  a  spur  pini* 
is  mounted.  A  spur  gear  is  st»cured  to  the  differential  and  nirtto 
with  the  spur  i)inion  on  the  cross  shaft.  A  primary  reduction  % 
obtained  })etweeu  the  b(*vel  pinion  and  gear,  the  second  rediic 
of  speed  being  secured  between  the  small  spur  pinion  on  the  c; 
shaft  and  the  large  spur  gear  attached  to  the  differential.  A 
ferential  cross  is  carried  in  the  interior  of  the  differential  case 
the  bevel  pinions  of  the  differential  revolve  upon  the  arms  of 
cross.  Tile  gears  in  tlie  interior  of  the  differential  are  carried  in 
differential  case  ])y  means  of  bronze  bushing  and  the  hole  th; 
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is  broached  to  fit  tlic  inner  puds  of  the  wheel  driving 
*  not  difficult  to  remove  the  differential  assembly  from 
i  the  top  portion  earr>-ing  the  bevel  drive  gears  in  the 
tiou  countershaft  may  be  lifted  off  of  the  differential 
tor  the  driving  shaft  is  disconnected,  and  then  the  dif- 
oar  atisenibly  can  be  lifted  out  of  tlie  hoiising  member 
le  manner  as  described  for  the  full  floating  single  re- 
les. 

ind  Spiral  Bevel  Drive. — In  an  endeavor  to  ai-cnre  quiet 
while  ruiininiT.  wliicli   is  nut  always  possible  with  the 


mnestAK 


ODtllning  CoDBtrnctioii  of  Splial  Bevel  DtIto  G«uliig  &t  A 
and  Worm  Drive  Oeaiing  aX  B. 

pe  of  bevel  gears,  a  miniber  of  automobile  designers  have 
e  spiral  bevel  drive  gear  which  is  shown  at  Fig.  381,  A, 
e  ear  service  and  f  iic  worm  gearing  sliown  at  B  for  cora- 
hicles.  The  advantages  of  the  spiral  bevel  gear  arc 
;  to  the  shape  of  tlit;  tti'tb  wbidi  roll  into  engagement 
:hly  than  the  ordinary  form  of  bevel  gears.  It  is  stated 
:piral  bevel  driving  gears  the  gears  need  not  I>e  meshed 
\y  as  with  the  straight  gears  to  secnro  ciuict  operation. 
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The  same  rules  that  have  been  previously   given   for  adju 
straight  bevel  gears  apply  just  as  well  to  the  spiral  bevel  fon 

The  worm  drive  axle  as  usually  constructed  is  so  devised 
the  initial  adjustment  provided  at  the  factory  by  careful  mach 
of  parts  is  never  disturbed  except  through  wear.  If  an  adjust 
is  provided  on  either  side  of  the  differential  assembly  to  whic 
worm  gear  is  fastened,  great  care  must  be  taken  to  line  up  the 
ing  in  such  a  way  that  the  center  line  of  the  driving  worm 
coincide  accurately  with  that  of  the  worm  gear.  In  taking  dc 
worm  drive  axle  it  is  necessary  to  examine  the  condition  of  th( 
thrust  bearing  carefully  and  to  make  sure  that  all  parts  ol 
member  are  clean  and  in  good  condition.  Very  large  thrust 
are  imposed  on  the  supporting  bearings  of  both  worm  and  ' 
gears  so  it  is  important  to  always  adjust  these  members  so  that 
can  take  this  thrust  load  and  make  sure  that  the  single  row  r 
bearings  are  not  subjected  to  any  end  thrust.  In  the  best  de 
of  worm  drive  axles,  the  worm  gearing  is  carried  by  a  suppo 
casting  which  permits  of  careful  alignment  before  assembling 
the  axle  housing.  The  worm  gear  is  usually  made  of  hard  bi 
while  the  driving  worm  is  of  hardened  steel.  If  lubricatioi 
been  neglected  or  if  oil  of  insufficient  body  has  been  used,  mo 
the  wear  will  be  found  on  the  teeth  of  the  worm  gears.  The 
no  compensation  possible  for  reduction  in  tooth  size  other  tha 
placing  the  worn  gear  with  a  new  one. 

Two  Speed  Axles.^— The  repairman  is  apt  to  encounter 
axles  in  which  two  sets  of  bevel  driving  gears  are  used  in  ord 
provide  two  speeds  in  the  axle  itself.  That  shown  at  Pig.  3fl 
was  used  on  1914  Cadillac  cars  while  that  shown  at  B  is  the  A 
design  and  has  been  used  for  several  years  on  cars  of  that  i 
The  construction  of  the  Cadillac  two  speed  rear  axle,  whicl 
made  by  the  Timken  Axle  Company,  is  shown  at  A.  The  poi 
transmitted  from  the  drive  shaft  of  the  gear  set  in  the  usual 
ner  through  either  of  the  bevel  gear  sets  A  and  B  or  C  and  D. 
the  inner  set  the  ratio  is  3.66  to  1  on  the  high  gear  while  wit 
outer  sets  the  ratio  is  2.5  to  1.  The  two  large  bevel  gears  1 
C  are  riveted  to  the  differential  gear  housing,  though  one  < 
pinions  A  and  D  that  drive  them  is  always  loose  on  the  drive 
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I  A  is  carried  by  roller  bearings  n'hile  pioion  6  revolves  on 
n  roller  bearings  carried  by  the  casing.  A  sliding  dog  clutch 
•r  E  may  be  employed  to  clutch  either  clutch  teeth  F  which 
bevel  pinion  A  or  clutch  teeth  G  which  drive  bevel  pinion 
he  slidlDg  clutch  is  operated  by  the  shifting  rod  H  which  is 
tically  operated  and  which  is  locked  in  either  position  by 
ring  J. 
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The  construction  of  the  Austin  axle  is  somewhat  diflPerent 
this  design  two  sets  of  clutches  are  used,  one  working  on  th* 
ferential,  while  the  other  works  on  the  drive  shaft.  To  drh 
car  with  the  larger  bevel  gears  the  clutch  member  on  the 
shaft  is  engaged  with  the  dog  clutch  attached  to  the  sleeve  to 
the  larger  bevel  driving  pinion  is  attached.  Movement  o 
clutch  simultaneously  operates  that  on  the  differential  case  < 
sion  so  the  smaller  of  the  bevel  ring  gears  is  disengaged.  The 
is  then  through  the  large  bevel  pinion  and  the  large  ring  geai 
obtain  the  other  gear  ratio  the  clutch  on  the  driving  shaft  is  s 
out  of  engagement  while  that  on  the  differential  case  is  shifte 
place  inside  of  the  smaller  of  the  two  bevel  driving  gears, 
this  is  done  the  small  driving  gear  is  coupled  to  the  differentii 
ings  by  means  of  the  clutch  and  is  driven  from  the  small 
pinion  on  the  drive  shaft.  The  large  bevel  gear  which  is  att 
to  the  differential  revolves  the  bevel  pinion  with  w^hich  it  d 
idly  on  the  driving  shaft.  The  clutches  are  interconnected 
lever  so  that  one  cannot  be  engaged  without  releasing  the 

Obviously  there  are  more  parts  to  wear  in  the  two  speec 
and  failure  to  drive  on  either  gear  ratio  must  be  due  to  i 
clutch  action.  In  view  of  what  has  been  said  previously  about 
gear  adjustment  there  should  be  no  trouble  experienced  in  i 
ing  proper  driving  engagement  of  the  bevel  gearing  when  a 
ments  are  provided  for  this  purpose.  In  the  Cadillac  desig 
entire  differential  assembly  may  be  moved  over  just  as  in  a 
speed  axle.  In  the  Austin  design  shown  at  B,  no  provision  is 
for  gear  adjustment  other  than  that  initially  provided  whe 
gearing  was  assembled  at  the  factory.  In  the  Austin  axle 
bearings  are  used  inside  of  the  sleeve  carrying  the  largest 
drive  pinion  and  also  to  support  the  smaller  of  the  bevel 
gears.  Any  depreciation  of  the  plain  bearing  surfaces  will 
in  noisy  action  and  can  only  be  prevented  by  replacing  the 
bushings  with  new. 

Double  Reduction  Axles. — In  commercial  vehicles  it  is 
able  to  use  a  lower  driving  ratio  than  could  be  conveniently 
vided  by  a  single  pair  of  bevel  gears,  and  yet  it  is  desirable 
tain  the  advantages  of  the  full  floating  type  of  axle.    A  t; 
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double  reduction  axle  of  Weston-Mott  design  is  shown  at  Fig. 
In  general  construction  and  arrangement  of  gears  the  axle  is  w|| 
similar  to  that  used  on  the  Autocar  and  previously  described  Hi' 
is  a  built  up  construction  consisting  of  cast  malleable  iron  diSen- 
tial  housings  and  heavy  steel  tubes  swaged  down  at  their  ods 
ends  to  take  the  bearings  on  which  the  wheels  are  mounted.  Ita 
diflferential  is  mounted  on  high  duty  roller  bearings  having  oi|r' 
plain  thrust  washers  to  hold  it  in  place  because  there  is  no  ok 
thrust  from  the  spur  driving  gear.     The  diflferential  assembly  ii 
driven  by  a  large  spur  gear  meshing  with  a  pinion  on  a  short  eon- 
tershaft  in  front  of  the  differential.    This  shaft  is  driven  by  bewli 
gears  from  the  propeller  shaft  in  the  usual  way.     The  housing  ii 
split  vertically  through  the  center  line  of  the  short  shaft  and  bast 
pres.sed  steel  inspection  cover  at  the  rear.     The  parts  may  be  ex- 
amined by  removing  this  cover.    As  is  true  of  all  full  floating  ailtt 
the  axle  shafts  may  be  withdrawn  by  merely  removing  the  hub  ops 
serving  to  keep  them  in  place. 

Another  form  of  double  reduction  axle  is  shown  at  Fig.  381 
This  is  known  as  the  internal  gear  drive  type  and  is  very  satisfl^ 
tory  in  commercial  applications.  The  main  feature  of  these  ad» 
is  the  combination  of  a  non-revolving  load  carrying  member  vitk 
a  jack  shaft  similar  in  construction  to  a  live  rear  axle  which  drives 
the  rear  wheels  through  the  medium  of  small  spur  pinions  meshing 
with  large  internal  ring  gears.  As  shown  in  the  drawing  the  carry- 
ing member  is  an  I  section  drop  forging  upon  which  the  wheels  ik 
mounted.  There  is  an  opening  in  the  center  of  the  forging  in  vhid 
the  central  housing  member  carrying  the  differential  assembly  anc 
driving  pinion  is  securely  bolted.  The  power  transmission  membei 
is  located  at  the  rear  of  the  supporting  axle.  The  construction  i 
such  that  the  diiferential  assembly  may  be  removed  without  takini 
the  entire  axle  apart,  though  the  wheels  must  be  taken  off  of  tb 
spindle  to  permit  the  withdrawal  of  the  pinion  drive  shafts.  Th 
method  of  adjusting  the  bevel  pinion  is  the  same  as  has  been  prt 
viously  descri})ed  in  which  the  entire  pinion  assembly  including  th 
drive  shaft  and  supporting  bearings  may  be  moved  in  or  out  to  mes 
with  tho  differential  t\i\\2:  ^^^t^.  ^q  «L^vaal  tVue  ^ars  to  one  side  o 
the  other  the  lock  tt\ot\\Vt?5.  Q«LTT\^<i  «\,  W\^x^«  ^^cA^V^^di^v^ib 
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which  are  i-emoved  hy  taking  off  the  pressed  steel  cover  miBl 
be  released.  The  taper  roller  bearings  are  carried  in  cages  at! 
ings  provided  with  thi-eaded  adjusting  nuts  wliieli  uiay  be  us 
draw  the  housing  of  the  bearing  tlie  way  it  is  desired  to  ailjiii 
ring  gear.    Obviously  it  will  be  necessary  to  loosen  one  of  tlit 


Fig.    385. — Sbowing  ATrangement  of  Mobile  Wteel   Spindle  Um 
Jeffery  Four  Wheel  Drive  and  St<«r  Tmck. 

by  moving  it  toward  the  differential  assembly  the  same  uuir 
lurns  that  tlie  other  adjustment  member  is  screwed  away  fn 
assembly  when  adjusting  gears. 

Four  Wheel  Drive  Systems. — Tliere  is  a  growing  appre 
of  the  value  of  liaving  all  four  wheels  of  commercial  vehiclf 
bine  directive  and  tractive  functions,  especially  if  these  an 
employed  for  towing  trailers  as  well  as  carrying  &  load  W 
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orm.  One  of  the  leading  exponents  of  the  four  wheel 
3m  in  this  country  is  the  Jeffery  Company,  the  chief  pe- 
n  its  design  being  in  the  construction  of  the  axles.    Both 

rear  axles  are  the  same  in  construction,  the  general  de- 
:  shown  at  Fig.  385.  The  wheel  carrying  spindle  is  at- 
a  member  that  may  be  moved  back  and  forth  on  the  axle 
eering  the  same  as  the  front  wheel  spindle  of  any  car  is. 
3d  of  imparting  the  motion  of  the  driving  shaft  to  the 
1  when  that  member  is  at  an  angle  for  steering  is  simple, 
tial  assembly  is  carried  by  the  non-rotatable  axle  forging, 
to  the  wheel  being  through  a  drive  shaft  and  universal 
ihed  to  the  wheel  drive  pinion.  The  construction  is  simi- 
t  of  the  internal  gear  drive  previously  described,  except 
iversal  joint  is  interposed  in  the  driving  shaft  to  permit 
drive  pinion  to  assume  the  same  angle  as  the  wheel  spin- 
r  without  excessive  loss  of  power. 

md  Bevel  Gear  Differential. — Differential  gearing  is  of 
patterns,  that  shown  at  Fig.  378,  C,  being  termed  **  bevel 
"  because  only  bevel  gears  and  pinions  are  employed 
.  outlined  at  Fig.  386  is  known  as  a  '*spur  gear  differen- 
luse  gears  of  the  spur  form  only  are  used  in  providing 
I  of  wheel  speed  when  turning  corners.  The  differential 
•t  of  the  automobile  that  seldom  gives  trouble,  the  bevel 
"m  being  stronger  as  a  rule  and  less  liable  to  breakage 
using  spur  pinions.  If  the  differential  is  at  fault,  trouble 
perienced  in  steering  the  car  around  comers  if  the  parts 
id  together  so  that  none  of  the  gears  can  turn,  whereas  if 
ire  broken  or  sheared  off  it  will  be  impossible  to  drive  the 
)re  the  advent  of  high  grade  alloy  steels  and  before  the 
t  treatment  was  as  well  understood  as  it  is  at  the  present 
irential  gears  of  the  spur  pinion  type  were  apt  to  become 
e  through  the  gears  cracking  or  the  teeth  stripping.  At 
it  time  these  troubles  are  not  apt  to  occur  because  high 
»ls  are  used  in  differential  constructions.  When  testing 
he  differential  is  in  good  condition  it  is  necessary  to  jack 
ir  axle  till  the  wheels  are  clear  of  the  ground.    One  wheel 

turned  by  hand  and  if  the  other  turns  in  the  same  di 
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rection  and  cannot  be  prevented  from  rotating  except  by  tin 
lion  of  considerable  etTort  to  restrain  its  movements,  it  is 
that  the  difTerential  gear  is  not  functioning  properly  and  ' 
is  stifli  in  action.  Ou  a  number  of  early  makes  of  cars;  esp 
cheap  ones,  tlie  bevel  differential  gears  were  held  on  the  whee! 
axles  by  pins  which  were  apt  to  shear  oflf  after  being  in  u 
some  time.  This  will  permit  the  gear  to  revolve  independei 
the  shaft  and  not  drive  the  wheel.  Another  fault  was  shear 
the  retaining  bolts  or  rivets  that  held  tlie  differential  assombi 
the  ring  genr  together.  This  would  permit  the  driving  gear 
volve  without  turning  the  differential  ease. 

In  most  bevi 
ferentials  and 
spur  forms  the 
pinions  are  bu. 
where  they  revo 
a  supporting 
After  the  diffei 
has  been  in  use 
period,  and  espi 
when  lubricatioi 
been  neglected, 
bronze  bushings 
become  worn  e 
so  the  bevel  p 
will  be  loose  on 
supporting  pins 
case  and  the  spii 
ions  have  lost  i 
on  their  supporting  axles  in  the  oilier.  As  these  bushings  a 
adjustable  it  is  necessary  to  drive  out  the  old  ones  and  to  for 
new  ones  to  coinpeiisate  for  this  deitreciation.  The  gears  attac 
the  wheel  drive  axle  are  employed  in  a  number  of  cases  to  si 
the  drive  .shafts  rotating  with  thorn  in  the  differential  casings, 
lost  motion  in  tlu-  hushing  surrounding  the  face  gear  hub  m 
taken  care  of  by  forcing  in  new  bushings  in  the  differentii 
bosses.    The  metJiod  of  taking  a  bevel  differential  apart  is  ( 
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Fig.   3B6. — Spur  Gear  DtSerentlaL 
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utlined  at  Fig.  378,  C,  as  is  also  the  relation  of  the  various  parts 
1  diflferent  stages  of  assembly.  The  housing  of  the  average  spur 
inion  differential  may  be  taken  apart  by  unscrewing  the  pins  on 
rhich  the  differential  pinions  revolve  as  these  also  serve  as  reten- 
ion  members  to  keep  the  two  members  comprising  the  differential 
ase  together. 

Chain  Drive  Troubles. — There  are  very  few  chain  driven  pleas- 
re  cars  in  use  at  the  present  time,  these  generally  being  models 
ve  or  six  years  old.  Chain  drive  is  still  used  extensively  on  com- 
itrcial  vehicles,  however,  so  it  will  be  necessary  to  give  some  in- 
truction  for  the  care  and  adjustment  of  chains.  Most  of  the 
roubles  in  chain  drive  are  due  to  worn  driving  chains  or  sprockets, 
'he  reason  for  this  depreciation  is  that  chain  drives,  for  the  most 
►art,  are  run  without  any  protective  casing  and  grit  and  dirt  col- 
let between  the  chains  and  sprockets  and  in  the  bearing  surfaces 
f  the  chain  itself,  and  if  not  removed  by  frequent  cleaning  of  the 
hain  it  w  ill  rapidly  grind  away  the  sprocket  teeth  and  cause  the 
hain  to  become  very  loose.  A  typical  chain  drive  system  is  shown 
t  Fig.  387.  The  wlieels  revolve  on  a  non-rotatable  axle,  being  car- 
ied  in  most  cases  by  some  form  of  anti-friction  bearings.  Power 
I  transmitted  from  small  sprockets  carried  by  a  jack  shaft  sup- 
orted  by  the  chassis  frame  to  the  larger  rear  sprockets  usually 
Bcured  to  the  brake  drums  by  means  of  some  form  of  steel  link 
hain,  the  roller  chain  being  the  form  most  generally  applied.  If 
lie  sprocket  teeth  are  worn  hook  shape,  it  is  necessary  to  replace 
lie  sprocket  witli  new  ones.  If  the  chain  is  too  loose,  so  that  it 
whips"  when  in  service,  the  radius  rods  that  are  fastened  to  the 
xLe  at  one  end  and  the  jack  sliaft  at  the  other  may  be  lengthened 
y  the  adjustment  means  provided  to  increase  the  center  distances 
etween  the  driving  and  driven  sprockets.  Tightening  chains  must 
e  done  with  judgment  as  it  is  more  undesirable  to  run  them  too 
ght  than  it  is  too  loose.  AVlion  a  chain  has  been  tiglitened  to  a 
iflScient  degree  there  should  still  be  a  small  amount  of  slack  which 
ill  permit  the  chain  to  drop  at  its  lower  side  as  shown  at  Fig.  387. 

A  driving  chain  is  tested  for  wear  by  bending  it  sideways  to 
lel  the  looseness  between  the  link  pins  and  bushings.  After  con- 
derable  wear  has  taken  place  on  each  of  the  bearings  of  tlie  chain 
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links  tlie  oliain  will  liavc  leiigthened  out  of  pitcli  and  slionld  not 
be  run  as  it  will  produce  rapid  near  of  tlie  sprockets.  Afltr  i 
chain  is  worn  it  is  apt  to  break  wlien  a  load  is  suddenly  applied,  or 
when  the  enfciue  is  called  upon  to  exert  its  maximum  power  as  in 
climbing  grades.  The  two  forms  of  chains  that  have  been  gen- 
erally applied  for  driving  an  automobile  are  the  roller  chain  a 
shown  nt  Fig.  888,  U,  and  the  silent  chain  shown  at  Fig.  389.   Tlie 


'er£>m*M 


Fig.  387. — Practical  Applicatlon  of  Side  Olialn  DilTe. 

block  chain,  which  is  shown  at  Fig.  388,  A,  has  been  seldom  i^i 
plied  except  on  very  early  forms  of  automobiles.  The  roller  ciuil 
is  made  in  two  main  types,  the  quick  detachable  which  is  shorn  rf 
B,  and  the  riveted  type  as  shown  at  C.  "With  the  riveted  type  nrt 
links  can  be  replaced  only  by  driving  out  the  rivets  with  a  ftrfj 
drift  after  tlip  <^nds  Imve  been  ground  off  to  permit  driving  thfj 
rivet  out  of  the  side  plate,  j 

Quick  delac'bable  tyiies  offer  the  advantage  of  being  taken  iwj 
at  any  point  by  removing  a  simple  lock  member  which  may  tafl 
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le  form  of  a  stamped  plate,  as  shown  at  B  or  a  split  pin  passing 
iroiigh  the  end  of  the  rivet  aa  shown  at  D,  Even  the  riveted  types 
f  chains  are  joined  together  by  a  quick  detachable  link  member 
hich  is  called  "a  master  link"  to  permit  taking  the  chain  off  of 


le  sprocket  without  having  to  drive  out  retaining  rivets.  The 
tain  repair  links  are  made  in  a  number  of  types,  those  shown  at 

and  P,  Fig.  388,  consisting  of  two  side  plates  with  the  rivets 
'  pins  that  form  a  bearing  for  the  roller  link  shown  at  G.    When 

u  not  ponible  to  shorten  a  chain  by  removing  a  roller  link  as 
1  O,  aod  one  of  the  pin-carrying  links  as  at  E  and  F,  a  special 
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off-set  link  shown  at  H  is  provided.  As  will  be  apparent  this 
join  one  of  the  side  plate  links  with  one  of  the  roller  carrying  li 
The  method  of  taking  the  chain  apart  shown  at  B  may  be  r 
ily  understood.  The  ends  of  the  roll  carrying  pin  are  provi 
with  annular  grooves  machined  around  them.  The  locking  ni 
ber  is  a  stamped  steel  plate  wliich  is  pushed  over  the  pin  and  wl 
has  a  horizontal  slot  in  one  end  that  is  slightly  less  in  width  t 
the  diameter  of  the  rivet  pin,  and  which  therefore  cannot  come 
of  the  pin  when  it  is  forced  into  the  groove  at  the  end  of  the  i 


Fig.  3B9. — Showing  Constnictton  of  Wliitn«y  BUent  C&aln. 

After  the  horizontal  slot  lias  been  pushed  over  the  pin,  the  < 
carrying  the  vertical  slot  is  pulled  down  over  the  other  pin.  1 
chain  side  links  are  provided  with  depressions  in  which  a  suiul 
raised  punching  in  the  link  locking  stamping  springs  when 
locking  member  has  been  pushed  in  place.  la  the  section  of  chi 
shown  at  B,  the  locking  member  at  the  left  is  about  to  be  pud 
in  place  while  tliat  at  the  right  is  shown  in  the  position  it  ocevf 
to  prevent  loosening  of  the  chain  link. 

The  method  of  locking  the  master  link  on  the  Baldmn  chaii 
clearly  shown,  at  Fig,  ^9Q.    In  this  washers  of  loft  steel  wet  D 
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to  fit  the  locking  grooves  in  the  end  of  the  rivet  pins.    After  t 
washer  has  been  sprung  in  place,  it  is  tightened  around  the  f 
with  a  pair  of  pliers.    In  the  Whitney  chain,  also  shown  at  F 
390,  the  side  plates  are  held  by  split  pins  which  may  be  readily  ] 
moved  when  it  is  desired  to  pull  oflf  the  side  plate.    It  is  often  f ou: 
difiScult  to  replace  a  large  heavy  motor  trufek  chain  on  account 
trouble  in  bringing  the  links  suflSciently  close  together  to  slip 
the  master  link.    This  may  be  easily  overcome  by  using  a  simj 
tool  shown  at  the  bottom  of  Fig.  390.    This  consists  of  a  pair 
liooks  made  of  stock  sufSciently  small  in  diameter  to  go  betwe 
the    rollers    and    side 
plates    of    the    chain 
link.    One  of  these 
hooks  is  provided  with 
a   right   hand   thread, 
the   other  with   a  left 
hand  thread.    A  piece 
of  hexagon  bar  stock, 
four     or    five     inches 
long,    is    provided,    a 
hole  being  drilled  clear 
through.     One  end  is 
tapped  right  hand  to 
match   the   thread   on 
one    hook,    while    the 
other    end    is    tapped 
left    hand    to   fit    the 
thread    on    the    other 
hook.   When  the  hooks 
are    started    into    the 
ends  of   the   threaded 
bar,    a    very    effective 
turnbuckle   arrange- 
ment is  obtained  by  which  all  slack  may  be  taken  out  of  the  cha 
and  the  links  brought  near  enough  together  to  insert  the  masi 
link« 

//  chains  are  properly  cared  for  they  wiW  iio\,  ^^^x  ^-^  ^> 


Fig.  390. — Two  Types  of  Quick  Detachat 
Cliain  Links  and  a  Simple  Tool  to  Fad 
tate  Insertion  of  Master  Link. 
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as  when  neglected.  The  careful  truck  driver  will  remove  the  ehaia  | 
every  week  and  allow  them  to  soak  in  kerosene  so  that  all  grit  fl 
be  washed  out  of  the  joints.  After  this,  the  kerosene  is  thoroDi^ 
wiped  off  and  the  chain  is  immersed  in  melted  tallow  and  graphik 
until  the  lubricant  has  a  chance  to  penetrate  between  all  the  rink 
and  roller  bushings.  •  The  surplus  lubricant  is  wiped  off  of  Ae 
chain  after  it  has  been  allowed  to  cool  and  the  chain  replaced.  Tk 
practice  of  oiling  the  chains  with  an  oil  can  or  with  grease  applid 
to  the  surfaces  is  not  conducive  to  long  chain  life  because  it  onlf 
serves  to  collect  the  grit  and  lead  it  to  the  bearing  surfaces.  Th 
silent  chain,  which  has  been  adopted  in  a  number  of  cases  for  can- 
shaft  drive  in  the  engine  and  for  coupling  up  starting  motors  ml 
generators  to  the  crankshaft,  may  also  be  used  for  final  drive.  li 
has  been  used  in  friction  drive  cars,  notably  the  Lambert,  Carte 
car  and  new  models  of  the  Metz  touring  car.  Where  this  type  d 
chain  is  used  it  is  usually  protected  by  a  casing  and  runs  in  an  oil 
bath.  When  mounted  in  this  manner  the  silent  chain  is  not  apt 
to  depreciate  rapidly,  as  is  true  of  the  roller  chain  when  the  linki; 
rivets  and  bushings  have  worn  the  chain  will  stretch  out  of  true 
pitch  and  will  become  seriously  weakened.  If  there  is  unusual  weir 
or  lost  motion  at  these  points  the  only  remedy  is  replacement  with 
a  new  chain.  Whenever  a  new  chain  is  installed  on  a  car,  it  ii 
imperative  to  replace  the  sprockets  as  well  because  a  new  chain  will 
not  run  well  on  worn  sprockets,  nor  will  new  sprockets  operate 
properly  with  a  worn  chain. 

Live  Axle  Repairs. — Among  the  parts  of  the  live  axle  that  d^ 
mands  inspection  from  time  to  time  are  the  differential  and  driving 
gear  assembly,  which  have  been  previously  described,  and  those  parti 
of  the  rear  construction  upon  whicli  its  structural  strength  dependii 
There  are  other  points,  such  as  spring  seats,  the  brake  mechanisa 
and  the  bearings  upon  which  tlie  various  rotating  members  arf 
carried  that  must  also  receive  attention.  Noise  from  a  rear  axl< 
often  results  when  bt^arings  that  are  too  small  have  been  used  oi 
when  tliese  have  been  of  a  type  not  properly  adapted  for  the  wori 
they  were  expected  to  perform.  For  example,  a  number  of  axlei 
has  been  mark(»ted  iw  n\UwV\  owW  ft\ii^k  row  or  radial  bearingi 
Aave  been  used  to  take  \\ve  V\\T\\^\.\i^X:^^'K^^^'^o«^^^2c^ 
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»ad  of  supplying  bearings  especially  adapted  for  that  purpose. 
le  pressure  of  the  bevel  gear  teeth,  as  soon  as  it  reaches  a  cer- 
in  point  would  cause  a  wedging  of  the  balls  and  races,  especially^ 
tien  the  car  is  on  the  lower  speed  ratios  or  if  the  transmission 
•ake  is  applied  sharply  at  full  speed  or  if  the  wheel  brakes  are  ap- 
ied  without  releasing  the  clutch.  A  harsh  acting  clutch  will  also 
iX>ose  these  intermittent  wedging  stresses  on  the  bearings.  This 
unfortunate  because  if  by  any  such  action  the  ball  bearings  have 
sen  put  out  of  line,  the  distortion  between  the  inner  and  outer 
ices  will  result  in  rapid  bearing  depreciation  which  of  course  pro-« 
aces  considerable  noise.  Another  trouble  met  with  in  semi-float- 
ig  axles  is  replacing  wheel  drive  shafts  for  defective  ones  that  are 
K)  short  and  which  do  not  abut  inside  of  the  differential.  In  this 
ise  when  one  rear  wheel  skids  violently  or  is  thrown  against  some 
iwtacle  on  the  highway  the  severe  end  thrust  shock  is  frequently 
■ansmitted  to  a  bearing  supporting  the  differential  which  results 
I  these  members  depreciating  sooner  than  they  would  if  subjected 
dy  to  the  load  they  are  supposed  to  resist.  It  is  considered  good 
ractice  to  transmit  the  shocks  from  one  wheel  to  the  other  through 
le  middle  of  the  axle  without  engaging  the  differential  housing. 
his  is  done  by  the  manufacturer  when  he  establishes  a  contact  be- 
veen  the  two  inner  ends  of  the  wheel  shaft.  When  the  shafts  are 
placed  or  repaired  care  should  be  taken  that  this  mutual  abut- 
«Dt  takes  place  as  intended.  In  some  designs  a  large  size  steel 
kll  is  placed  between  the  axle  ends,  in  others,  fiber  or  steel  washers 
Kving  curved  and  straight  sides  are  used,  the  curved  sides  being 
beed  against  each  other,  while  the  straight  sides  are  placed  against 
be  shaft  ends.  Shafts  of  three-quarter  or  full-floated  axles  are 
at  supposed  to  abut. 

The  rear  axles  of  many  shaft  driven  cars  are  braced  with  ten- 
bn  rods,  but  after  being  in  use  for  a  time  the  vibration  of  the 
3e  and  the  up  and  down  hammering  action  that  obtains  over 
ittgh  roads  eventually  lengthen  the  rods  and  relieve  their  tension, 
beh,  of  course,  results  in  a  cessation  of  the  functions  they  are 
landed  to  perform.  The  tension  rods  should  be  carefully  exam- 
bdl  from  time  to  time  to  make  sure  that  they  are  properly  tight- 
Bd  as  if  looae  a  certain  amount  of  sagging  will  take  pl«L<^^  ^\v\Ocl 
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results  in  lack  of  alignment  of  the  parts  carried  by  the 
housing  which  will  result  in  noisy  action.  Many  cases  of 
axle  houainfrs  have  been  noticed  in  light  oars  that  have 
ated  over  rough  roads.  This  will  result  in  the  wheels  bi 
so  that  tile  tops  are  nearer  together  than  the  bottom,  as  sIiowBi 
Fig.  301.  In  many  cases  the  sprung  axle  housing  may  be  dnri 
back  in  line  and  materially  .strengthened  by  the  use  of  a  trtmid 
placed  under  tbe  ditfereutia!  bousing  and  attached  at  f  be  wheel  ol 
of  the  a.xlf  by  some  form  of  clamp,  passing  around  that 


Fig.  391. — Method  of  Bracing  Sprung  Bear  Oooatrnctlon  by  Tnui  Bod. 

The  rod  should  be  at  least  half  an  inch  in  diameter  and  be  msdeol 
cold  rolled  steel.  A  turnbuckle  is  placed  in  the  rod  to  draw  tb 
parts  together  and  straighten  out  the  axle  houEdag.  The  conditioi 
shown  in  the  diagram  is  exaggerated  in  order  to  make  the  defectiv 
condition  clearer.  It  is  not  possible  to  take  out  all  the  sag  if  a: 
axle  has  been  neglected  and  it  is  also  important  to  notice  whetfae 
the  wheels  are  Inose  because  of  worn  bearings  or  whether  the  wh« 
driving  axle  is  bent  before  any  attempt  is  made  to  compensate  fo 
this  defective  condition  by  trussing  under  the  rear  constractioi 
Jn  many  cases  wVietft  ttvt  \ictA  &nN\wi,  %»kc%  have  worn  tli 
repairman  has  the  job  ot  repVacva^'Cftft  ■^«ra.'v»**.  \i^«mk<9 
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be  ring  gear  is  riveted  to  the  differential  case  flange,  though  in 
Qost  of  the  modem  designs  it  is  attached  to  that  member  by  means 
\i  bolts.  If  the  threaded  retention  members  are  used  it  is  not  a 
lifficult  proposition  to  remove  the  bolts  and  the  old  gear  and  fasten 
he  new  one  in  place.  Where  the  ring  gear  is  attached  by  rivets, 
lowever,  an  entirely  different  procedure  must  be  followed.  The 
irst  step  is  the  removal  of  the  old  gear  by  chipping  off  the  rivet 
teads  with  a  sharp  chisel  in  order  to  drive  the  old  rivets  out  or  to 
Irill  out  the  rivet  head  if  this  is  of  the  countersunk  type.  After 
he  rivets  have  all  been  driven  out  and  the  old  ring  gear  removed, 
he  flange  should  be  carefully  gone  over  and  all  upstanding  burrs 
hould  be  smoothed  down  with  a  file.  Any  irregularity  on  the 
lange  will  result  in  the  ring  gear  being  out  of  true,  as  far  as  its 
aeshing  with  the  driving  pinion  is  concerned. 

Hot  riveting  is  preferable  to  cold  riveting  because  when  the 
ivets  are  put  in  red  hot  they  fill  the  holes  better  as  they  are  headed 
fver  and  additional  holding  power  is  secured  by  the  cooling  shrink. 
h  order  to  make  a  neat  job  of  riveting  it  is  imperative  to  use  a 
ivet  set.  A  skillful  mechanic  may  be  able  to  form  up  a  head  with 
\  peening  hammer  but  this  at  best  is  a  slow  job  and  there  is  always 
ome  danger  of  injuring  the  differential  casing  or  the  gear  teeth 
hould  the  hammer  slip. 

A  rivet  set  is  very  easily  made  by  using  a  bar  of  steel  about 
tie  inch  square  and  five  or  six  inches  long,  tapering  off  the  end  so 
t  will  fit  in  the  space  between  the  gear  teeth  and  the  differential 
asing  and  forming  the  depression  in  the  end  that  makes  the  rivet 
kead  either  by  drilling  in  with  the  point  of  a  drill,  or  by  heating 
he  bar  of  steel  to  a  good  forging  heat  and  making  the  depression 
y  driving  a  rounded  bar  of  steel  to  conform  with  the  rivet  head 
■to  the  headed  end. 

The  usual  size  of  rivet  used  on  small  cars  is  j4-inch.  On  the 
■rger  pleasure  cars,  %Q-inch  or  ^-inch  diameter  rivets  will  be 
Med.  The  rivet  should  be  sufficiently  long  so  that  it  will  project 
hiough  the  flat  surface  against  wliich  the  head  is  to  bear  a  length 
^asl  to  lYz  times  the  diameter  of  the  rivet  stock.  The  work  of 
Ivetixig  must  be  quickly  done.  The  rivets  are  heated  in  a  forge 
lid  when  red  hot  are  placed  in  the  hole,  the  head  end  down  against 
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an  anvil  while  the  projecting  end  is  headed  over  with  a  rit 
and  a  5  pound  hand  sledge  or  machinist's  hammer.  After  th 
rivet  has  been  placed,  the  next  one  to  go  in  should  be  put  i 
metrically  opposite.  This  holds  the  gear  firmly  in  place  a 
the  differential  gear  ease  flange,  after  which  the  other  rivet; 
be  put  in  as  suits  the  convenience  of  the  operator.  It  is  a 
bear  in  mind  that  a  well  rounded  rivet  head  is  apt  to  have 
strength  than  large,  roughly  flattened  heads  that  have  beei 
duced  by  hammer  blows  and  without  the  use  of  a  rivet  set. 

Axle  Lubrication. — Klany  cases  of  noisy  driving  gears 
from  lack  of  lubricant  in  the  differential  housing,  and  a  num 
cases  of  rapid  depreciation  of  live  axle  bearings  have  been  i 
to  neglect  in 
these  essential 
The  reason  for  1 
that  moat  of  thi 
members  arelubr 
through  the  medi 
compression  g  r 
cups,  which  are 
or  less  inaccessibl 
less  the  operatoi 
under  the  car. 
average  motorist 
takes  care  of  hit 
car  does  not  enjo 
ting  under  the  c 
unless  absolutel; 
essary.  Point 
must  be  reached 
odically  are  apt 
n^lected,  whert 
the  oiling  was  not  too  much  of  a  task,  they  would  receive  r< 
attention.  If  a  rear  asle  on  a  practically  new  ear  grinds  or 
the  first  step  is  to  introduce  some  grease  into  the  differential  i 
unless  the  noise  is  so  pronounced  that  it  is  evident  it  most  be  c 
by  lack  of  alignment  or  poor  meshing  of  the  drivii^  gean. 
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Dst  differential  housings  have  a  removable  cover  plate  leaving 
ening  through  which  grease  may  be  introduced  when  neces- 
It  is  somewhat  of  a  task  to  remove  this  cover,  so  many  makers 
le  a  plug  through  which  the  spout  of  a  syringe  or  grease  gun 
>e  introduced  to  advantage. 

very  practical  form  of  grease  gun  is  shown  at  Fig.  393,  A. 
s  filled  with  the  grease  used  for  oiling  the  differential  gears 
awing  the  plunger  to  the  extreme  outward  position  and  re- 
ig  the  threaded  closure  member  to  which  the  spout  is  at- 
1.     This  makes  it  possible  to  pack  the  grease  in  the  pump 

after  which  the  cover  is  screwed  back.     In  order  to  force 
e  a  V  y  lubricant 
i  simple   ratchet 
inism  is  provided, 
d   by    a   handle, 

provides  consid- 
leverage,  this 
ng  against  a  se- 
f  ratchet  teeth  on 
unger  rod  of  the 
.  By  grasping 
limp  as  shown  it 
rible  to  empty  the 
je  with  very  lit- 
ertion  by  moving 
rigger-like  lever 
sh  in  the  plunger 
place  the  grease. 

forms  of  grease 
have  a  threaded 
er  rod,   which 

36  screwed  in  the  barrel  to  force  out  the  grease;  some  use 
'essed  air. 

here  grease  cups  are  fitted  in  important  but  inaccessible  places 
nscientious  operator  is  obliged  to  reach  under  the  chassis  and 
.6  uncomfortable  positions,  not  to  mention  the  ever  present 
r  of  soiling  the  clothing.     An  easily  made  and  inexpensive 
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Construction. 
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device  is  shown  at  Fig.  393,  B,  which  will  bring  the  grease  qui 
to  a  point  where  it  may  be  easily  reached.  The  material  neces 
consists  of  a  piece  of  ordinary  one-eighth  inch  gas  pipe,  an  el 
coupling,  and  a  short  nipple  which  are  joined  together  as  indie 
To  install  the  device  the  cup  is  removed  and  the  distance  mtas 
from  the  part  to  be  lubricated  to  the  most  convenient  point  w 
the  grease  cup  is  intended  to  be  placed.  Practically  all  com 
fiion  grease  cups  are  provided  with  a  one-eighth  inch  standard 
gas-pipe  thread.  When  the  grease  cup  is  removed  from  tlie 
there  should  be  no  difficulty  in  placing  a  nipple  in  the  opeuiug 
by  the  withdrawal  of  the  grease  cup.  The  elbow  is  attached  t( 
nipple,  after  which  the  piece  of  pipe,  which  has  been  cut  tlie  pr 
length  and  threaded  at  both  ends  is  screwed  into  the  elbow  at 
end  and  the  coupling  screwed  on  at  the  other.  The  grease  ci 
then  screwed  into  the  female  thread  at  the  end  of  the  coup 
Care  should  be  taken  to  fasten  the  pipe  at  the  grease  cup  en( 
means  of  a  metal  clip,  as  if  it  is  not  securely  fastened  to  some 
of  the  axle  it  will  be  apt  to  break  off  due  to  vibration.  It  sh 
be  remembered  that  it  is  necessary  to  fill  the  entire  length  of 
with  grease  before  any  will  reach  the  bearing  point,  therefoi 
is  important  that  the  grease  cup  be  refilled  a  number  of  tim( 
make  sure  that  grease  will  reach  the  bearings. 

No  part  of  the  automobile  is  exposed  to  more  dust  and  dirt 
the  operating  linkage  of  tlie  hub  brakes.  Upon  the  majorit 
automobiles  no  means  are  provided  for  effective  lubrication  of  1 
parts.  Any  looseness  of  the  bearing  pins  causes  a  disagree 
rattling  due  to  rapid  wear  of  the  dry  bearings.  The  usual  me 
of  lubrication  is  by  a  squirt  can,  oil  being  applied  to  the  ere 
between  the  moving  and  stationary  parts  with  a  hope  that  it 
find  a  way  between  bearing  surfaces.  It  is  well  to  wipe  off  sui 
lubricant  from  the  outside  of  the  joint,  as  this  only  serves  ti 
tract  and  hold  road  dust. 

Methods  of  Retaining  Lubricant  in  Wheel  Hubs  and  Di 
ential  Housings. — The  retention  of  lubricant  and  exclusion  of 
is  one  of  the  problems  confronting  the  designer  of  automobile  i 
that  can  be  solved  in  a  number  of  different  ways.  It  is  impoi 
to  prevent  the  escape  of  grease  from  the  differential  honsiiii 


Grease  lietaining  Methods  7\ 


Fig.  3M. — Stacnring  Trplc&l  Metbods  of  BnalnlnK  are«ae  In  DUweiLtli 
Housings  uid  Wlwels. 

cause  it  will  accumulate  oa  the  internal  brakes  and  reduce  the 
efficiency.  While  it  is  difficult  to  overcome  leakage  due  to  an  e 
ccBsive  supply  of  lubricant,  if  reasonable  precautions  are  taken 
this  respect,  an  axle  housing  may  be  made  practically  grease  tigl 
A  number  of  oil-retaining  methods  selected  at  random  and  knoi 
to  give  satisfactory  results  in  practice  is  depicted  in  aceompan 
ing  series  of  illustrations. 

A  worm  gear  drive  axle  is  more  apt  to  lose  oil  because  th.\&  i.fn 
of  gearing  demands  more  lubricant  and  ol  amote^m&.'DsXM.t*'^ 
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that  ordinarily  supplied  to  bevel  gear  driven  axle  housings, 
ingenious  application  of  a  self -tightening  stufSng  box  is  used  in 
construction  outlined  at  Fig.  394,  A.  The  tubular  housings  t 
enclose  the  live  axles  project  into  the  differential  case  and  have 
enlargement  at  the  end  closed  by  a  packing  retention  nut.  1 
bears  against  one  wedge-shaped  graphited  packing  which  fits 
taper  seat  of  the  other  packing  element.  As  a  certain  amount 
wear  is  unavoidable  as  the  shafts  revolve  inside  the  packings,  » 
method  of  keeping  the  packings  properly  seated  is  necessary,  1 
is  accomplished  by  a  coil  spring  which  holds  the  packings  in  i 
mate  contact  with  the  shaft.  When  the  car  rounds  a  curve  \ 
the  lubricant  is  thrown  to  one  side,  the  space  between  the  de 
tube  and  housing  acts  as  a  pocket  and  retains  the  oil,  allowini 
to  flow  back  to  the  bottom  of  the  housing  when  the  car  is  no  Ion 
tilted. 

In  a  number  of  eases,  felt  washers  form  an  effective  ban 
against  passage  of  oil  along  the  shaft,  though  when  these  are  < 
ployed,  a  supplementary  packing  member  is  utilized  at  the  wl 
end  of  the  axle.  Two  felt  washers  firmly  held  between  steel  elai 
ing  plates  may  be  fitted  as  at  B,  or  a  special  composite  membei 
outlined  at  C  may  be  substituted.  The  packing  member  is  indii 
as  shown,  so  that  the  oil  carried  around  by  the  axle  will  be 
fleeted  back  to  the  bearing  housing. 

The  self-adjusting  stuffing  box  arrangement  shown  at  D  is  si 
lar  in  design  to  that  outlined  at  A,  except  that  more  felt  wash 
are  used  and  metal  wedges  are  depended  on  to  keep  the  wast 
bearing  against  the  axle.  As  in  the  other  design,  the  pressure 
a  substantial  coil  spring  keeps  the  metal  wedges  in  firm  coni 
with  the  felt  packings. 

There  is  no  better  known  or  more  effective  method  of  keep 
oil  from  leaking  out  of  the  axle  at  the  wheel  end  than  the  pates 
oil  slinger  invented  by  Weston-Mott  engineers  and  depicted  at 
The  function  of  tliis  member,  wliich  revolves  with  the  wheel,  ii 
throw  the  oil  which  leaks  by  the  felt  washers  into  an  oil  catch  bi 
cast  integral  with  the  brake-band  carrying  plate.  A  bent  pipt 
the  bottom  of  this  chamber  allows  the  oil  to  drain  oft  to  the  groa 
clear  of  the  brakes  and  tires. 
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The  method  shown  at  P  involves  the  use  of  a  tapering  axle  hous- 
g  tube  and  a  bearing  retention  nut  carrying  a  liberal  felt  washer 
.  an  annulus  machined  therein.  Should  any  oil  pass  by  the  felt 
asher,  that  member  must  be  renewed.    The  construction  outlined 

O  is  a  combination  of  felt  washer  to  restrain  the  oil  and  a  catch- 
isin  to  hold  any  lubricant  that  escapes  past  the  felt  packing.    The 


Pig.  395. — ^BflBceUaneons  Grease  Retaining  Methods. 

1  container  is  attached  to  the  casting  used  to  support  the  brake 
sembly.  This  system  is  used  by  the  Salisbury  Wheel  &  Mfg. 
)mpany. 
The  methods  of  grease  retention  shown  at  Pig.  395  are  similar 
those  previously  described.  At  A,  a  simple  oil  retaining  ring 
id  felt  packing  are  believed  sufficient.  At  B,  we  have  a  modifica- 
m  of  the  idea  shown  at  A,  in  which  a  more  liberal  felt  washer  is 
led  which  is  held  in  a  pressed  steel  retaining  member.  The  stuff- 
g  box  idea  as  shown  at  C  is  more  often  used  on  transmission  ge&i* 
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cases  than  ou  rear  axles,  but  as  the  gear  case  is  sometimes  combined 
with  the  differential  housing  a  packing  of  this  form  may  be  found 
on  the  rear  axle.  In  order  to  prevent  oil  leakage  it  is  necessary 
to  screw  up  on  the  packing  ring  to  compress  the  felt  more  tightlf 
against  the  shaft.  Before  the  adjusting  member  can  be  turned  it 
is  necessary  to  release  the  locking  screw  which  must  be  replaced 
when  the  stuffing  box  has  been  properly  tightened.  The  automatic 
stuflSng  box  shown  at  D  is  used  on  some  Overland  rear  axles.  Thii 
consists  of  a  substantial  felt  washer  held  between  steel  plates,  i 
constant  pressure  against  the  washer  being  exerted  by  a  coil  spring: 
Other  Overland  models  have  the  grease  packing  shown  at  Fig.  393, 
E.  This  is  the  form  of  stuffing  box  widely  applied  in  marine  me 
which  must  be  taken  up  from  time  to  time  to  compensate  for  wea^ 
ing  of  the  felt  packing  member.  If  grease  escapes  from  the  end 
of  the  axle  shaft  and  accumulates  on  the  wheels  or  tires,  this  nuy 
be  taken  as  a  sure  indication  that  the  felt  packing  is  worn  and  mot 
be  replaced  with  new  washers.  It  is  not  only  desirable  to  keep 
the  grease  in  the  axle  on  the  score  of  cleanliness,  but  also  on  that 
of  economy  of  lubricant. 

Types  of  Axle  Bearings. — At  the  present  time  most  automobib: 
axles  are  equipped  with  anti-friction  bearings  of  various  typei| 
These  may  employ  either  ball  or  rollers  as  load  carrying  element^; 
Two  common  forms  of  ball  bearings  are  shown  at  Fig.  396,  A  and: 
B.     The  cup  and  cone  type  shown  in  part  section  at  A  has  hM 
widely  applied  to  the  front  wheels  of  light  and  medium  prieel 
pleasure  cars  and  in  some  cases  as  a  support  for  the  sides  of  tki 
diflferential.     It  is  an  angular  contact  form  and  requires  adjifllj 
ment.    The  bearing  at  B  is  an  annular  form  intended  only  for  sflfi 
porting  radial  loads.    It  is  a  non -adjustable  unit  and  when  it 
it  must  be  replaced  with  a  new  bearing. 

Tlie  roller  bearings  used  are  in  three  main  forms,  that 
at  C  using  straight  rolls  of  solid  steel,  that  at  D  using  solid 
rolls  and  the  forms  at  E  and  F  which  use  straight,  hollow 
The  taper  roller  bearing  and  the  cup  and  cone  type  ball 
are  of  the  ''take  up*'  type.      This  means  that  they  must  be 
justed  for  smooth  running  and  all  lost  motion  eliminated  after' 
members  they  support  have  been  assembled  in  the  rear 
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tion.  Both  of  these  bearings  have  angular  load  lines  which  adift 
them  to  resisting  end  thrust  and  radial  load  in  combinatioii.  Tte! 
annular  ball  bearing  shown  at  D  is  capable  of  withstanding  sli^ 
end  thrust  but  is  not  generally  sold  for  this  purpose.  The  strai^- 
roller  bearings  have  no  end  thrust  capacity  and  when  used  in  ■ 
axle  must  be  supplemented  by  other  bearings,  usually  ball  thurt 
washers,  that  are  adapted  to  resist  the  end  thrust. 

The  Hyatt  bearings,  which  are  shown  in  the  standard  form  it 
E,  and  the  high  duty  type  at  F,  have  rolls  made  in  the  form  ot  dm 
wound  spiral  springs.    This  bearing  has  been  very  widely  uaed,M 
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Tig.  397.— UluBtrating  Two  Methods  of  Mounting  Tront  Wheel  HnH 
on  Ball  Bearings.  A^Cup  and  Oone  Bearing.  B — Unit  Type  Nob- 
Adjuatable  Bearings. 

is  also  true  of  the  Timkcn  roller  bearing  shown  at  D.  In  the  sU 
ard  type  Hyatt  bearing  the  long  rollers  are  intended  to  bear' 
reetly  on  the  shaft  they  support.  In  the  high  duty  form  the  all 
steel  rolls  are  shorter  and  are  provided  with  accurately  ground: 
ner  and  outer  race  rings. 

Two  upplientions  of  ball  bearings  to  front  wheel  hubs  are  sfco 
at  Fig.  3f)7.    Tliat  at  A  uses  Radax  bearings  which  are  of  tbe( 
giilar  contact  cup  and  cone  type.     The  method  of  adjui 
clearly  outlined.    The  wire  wheel  hub  shown  at  B  is  mounted 
combination  mounting  consisting  of  a  double  row  bearing  d> 
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.firmly  in  the  master  hub  shell  and  also  tightly  held  on  the  wheel 
-spindle.  The  single  row  bearing  on  the  outer  end  of  the  wheel 
^indle  is  not  called  upon  to  take  any  end  thrust  as  the  double  row 
liearing  is.  If  any  looseness  develops  in  the  hub  mounting  shown 
at  A,  and  upon  examination  the  bearing  components  are  found  to 
l)e  in  good  condition,  the  trouble  may  be  easily  corrected  by  screw- 
ing up  on  the  adjusting  nut  to  bring  the  cone  of  the  outer  bearing 
JSiore  firmly  in  contact  with  the  balls  which  in  turn  push  the  outer 
3pace  member  and  the  hub  it  supports  over  towards  the  steering 
knuckle  and  take  out  any  lost  motion  which  may  exist  between 
"the  parts  of  the  inner  bearing.  When  looseness  develops  in  the 
2iub  of  the  form  shown  at  B,  the  trouble  is  usually  due  to  the  lock- 
ing nut  on  the  end  of  the  spindle  becoming  loose  and  allowing  some 
^earance  between  the  spacer  and  the  bearing  inner  races.  The 
■remedy  for  this  condition  is  to  tighten  up  on  the  nut  to  bring  the 
ftearing  races  and  the  spacer  into  more  intimate  contact.  In  exam- 
Sning  bearings  of  the  non-adjustable  form  it  is  imperative  to  have 
Vhese  perfectly  clean  as  small  particles  of  dirt  will  make  them  run 
luurshly.  The  impression  a  dirty  bearing  will  give  is  just  as  bad 
a  worn  one  will  produce,  so  before  a  bearing  is  condemned  it 
Lould  be  thoroughly  cleaned. 
Bemoving  and  Installing  Ball  Bearings. — Many  anti-friction 
{bearings  are  damaged  in  removal  or  during  application  when  re- 
jpfi^ttg  mechanism  in  which  they  are  mounted,  but  this  results 
from  ignorance  of  their  nature  than  deliberate  intent  to  dam- 
them.  A  common  cause  of  bearing  failure  is  noted  when  they 
driven  in  place  by  blows  from  an  ordinary  machinist's  hammer 
Applied  directly  to  the  bearing  face  or  through  the  medium  of  a 
1  drift  or  blunt  cold  chisel.  Ball  bearings  should  never  be 
iven  in  place  or  removed  by  use  of  steel  or  other  hard  metal 
ftools  because  the  race  members  may  be  permanently  sprung  or  de- 
ftmmed  by  this  treatment.  Wherever  the  construction  permits, 
ich  is  true  of  most  automobile  applications,  bearings  should  be 
[oved  by  direct  application  of  pressure  to  the  part  that  is  tightly 
When  a  bearing  is  mounted  in  a  wheel  hub,  as  indicated 
Pig.  398,  a  simple  form  of  wheel  puller  can  be  employed  to  ad- 
ntage.    This  is  a  substantial  casting  of  malleable  iron  or  bror* 
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made  approximately  the  same  shape  as  the  hub  cap,  threa 
side  to  fit  the  hab  and  having  a  substantial  set  screw  at  It 
inch  diameter  passing  through  the  threaded  boss  at  the  cent 
screw  should  be  long  enough  to  pull  the  wheel  and  bearing  i 
off  the  spindle  or  axle  tube.  A  shouldered  plug  of  steel  wil 
pression  drilled  in  to  locate  the  screw  point  may  be  pusbec 
hollow  tube  to  centralize  the  screw  pressure.     Id  use,  thi 
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Fig.  398. — SliOTlDK  Conetructlon  Of  Simple  Wbeel  Pnller  for  Bai 
WliMl  Hub  From  Full  Floating  Bear  Axla. 


puller  casting  or  wheel  is  kept  from  turning,  so  that  as  th 
advances,  it  pulls  off  the  wheel  and  the  bearing  it  contains. 
A  modified  form  of  puller  having  two  arms  and  a  croE 
that  can  be  used  when  a  bearing  cone  must  be  removed  f 
axle  or  spindle  is  outlined  at  Fig.  399,  A.  An  attachment 
mit  it  to  remove  a  bearing  of  the  unit  type  such  as  a  si 
double  row  annular  without  exerting  any  pressure  on  the  i 
outer  race  is  clearly  depicted  at  Pig.  399  B.  This  consis 
split  casting  adapted  to  be  clamped  loosely  around  the  shs 
of  the  bearing  inner  race  and  any  pressure  exerted  to  rem 
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bearing  is  applied  directly  against  the  member  which  is 
fit  on  the  abaft.  When  any  form  of  hub  or  bearing  puller 
start  the  member  to  which  it  ia  applied  by  direct  pull,  it 
may  be  accelerated  after  the  screw  has  been  tightened  sut 
to  place  the  parts  under  a  certain  initial  tension  by  a  fei 
well  directed  hammer  blows  on  the  beam  or  main  body 
device. 

In  all  cases  where  possible,  the  pressure  applied  to  n 
bearing  or  part  should  be  exerted  directly  against  the  port 


Fig.  400. — simple  Tools  for  Ball  Boulng  InstanaUon  mod  Hot 

is  a  tight  fit  on  the  shaft  or  in  the  bou«ng.  In  most  cat 
the  inner  member  of  the  bearing  that  is  a  force  or  press  fi 
shaft,  the  outer  race  member  is  usually  a  push  fit  iu  the 
and  may  be  easily  removed.  If  it  is  necessary  to  force  the 
oflE  with  a  series  of  blows,  always  use  s  brass  or  hard  babbi 
bar  or  drift  between  the  bearing  and  hammer,  or  even  a 
hard  maple,  hemlock  or  oak.  Do  not  direct  all  the  blowt 
one  point  on  bearing  as  this  tends  to  cramp  H  and  will 
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er  to  drive  off.  Distribute  them  evenly  around  the  entire  eir- 
■erence,  always  having  successive  blows  at  points  diametrically 
site.    When  driving  bearings  in  place,  it  is  always  best  to  use 

form  of  soft  metal  yoke  member  as  shown  at  Pig.  399,  C,  or 
lar  section  piece  as  shown  at  Fig.  399,  D.     With  either  the 

or  the  other  tubular  form  the  hammer  blows  are  distributed 
ly  and  the  bearing  is  driven  in  place  without  injury  to  either 
;  or  bearing  components.  When  a  double  fork  member  is  used, 
?nd  can  be  made  to  drive  against  the  inner  race  member  while 
►ther  can  be  spread  enough  to  fit  the  outer  race  if  desired, 
'he  method  of  driving  an  inner  race  in  place  shown  at  Pig. 

A,  is  recommended  by  the  Hess-Bright  Bearing  Company. 

is  a  cast  brass  tubular  member  proportioned  about  as  shown, 
eable  iron  or  any  relatively  soft  material  will  answer  in  place 
le  brass.  It  is  possible  in  many  cases  to  make  very  satisfac- 
bearing  installing  members  of  standard  brass  pipe.  Most  ball 
ings  have  the  size  number  stamped  on  the  side  of  the  inner 
When  installing  Hess-Bright  bearings  always  place  the  un- 
bered  side  on  first  when  driving  in  place.  The  tool  shown  at 
355,  B,  is  recommended  for  removing  bearings.  The  essential 
t  to  observe  is  to  exert  a  steady,  uniformly  distributed  pull  on 
back  side  of  the  inner  race  in  pulling  that  member  off  the 
t,  instead  of  against  the  outer  race  and  the  balls.  The  method 
peration  is  very  simple,  the  inner  split  ring  A  is  placed  back 
le  inner  race  X.    The  split  ring  is  held  together  by  a  solid  outer 

B  placed  on  its  circumference  having  holes  for  the  straddle 
I  D,  directly  over  the  joints  in  ring  A.  The  outer  ring  B  is 
lected  to  the  cross  bar  E  by  the  two  straddle  bolts  D.  Cross 
E  is  supported  by  the  set  screw  P  entering  the  shaft  center 

and  the  bearing  is  easily  withdrawn  from  the  shaft  by  apply- 
a  wrench  to  the  set  screw. 
!n  adjusting  cup  and  cone  ball  bearings  or  taper  roller  bearings 

necessary  to  make  the  adjustment  very  carefully  in  compen- 
ig  for  lost  motion  that  exists  in  the  assembly.  The  condition 
he  bearings  may  be  determined  without  diflSculty  when  these 
used  in  the  wheels  by  jacking  up  under  the  axle  to  raise  the 
el  clear  of  the  ground  and  thus  relieve  it  of  car  weight,  then  by 
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grasping  the  wheel  rim  at  opposite  points  and  attempting  to 
the  wheel.  Any  looseness  in  the  bearings  can  be  detected  b 
motion  between  the  wheel  hub  and  spindle.  Care  should  be 
not  to  confound  this  lost  motion  with  looseness  in  the  st 
knuckle  supporting  pin. 

In  taking  up  lost  motion  when  any  type  of  adjustable  b 
is  employed,  considerable  judgment  must  be  exercised  in  so 
up  on  the  adjusting  member  not  to  get  this  up  too  tightly  a 
pose  an  injurious  end  pressure  on  the  balls  or  rollers.  An 
pressure  that  will  stress  the  bearing  parts  dangerously  w 
make  much  difference  in  the  wheel  resistance  when  turned  b\ 
though  when  the  car  weight  must  be  sustained  at  high  spt 
when  going  around  corners  the  resistance  will  be  increased  : 
ally  and  bearing  endurance  reduced  in  proportion.  A  safe 
follow  is  to  take  up  the  wear  by  screwing  in  the  adjustmc 
enough  so  the  '* shake''  or  looseness  will  be  eliminated  and  j 
mit  the  wheel  to  *^spin''  for  a  few  revolutions  when  given 
tial  impulse.  Many  motorists  and  even  inexperienced  me 
commit  the  error  of  adjusting  bearings  of  the  **take  up"  t; 
loosely.  This  is  not  desirable,  any  more  than  fitting  pa 
tightly  together  is.  Always  lock  adjustment  nut  firndy  ii 
when  proper  adjustment  has  been  secured. 

In  some  gear  boxes  and  axles,  the  bearings  are  shim  ad 
A  number  of  thin  wasliers  of  sheet  brass  may  be  interposed  b 
the  bearing  cup  and  the  retainer  cap.  When  taking  down 
sembly  of  this  nature  always  keep  the  shims  from  any  1 
box  together  and  tagged  for  future  identification  to  insure  t 
adjustment  made  in  the  factory  will  be  maintained  after  reas 
in  the  repair  shop.  If  the  bearings  are  loose  for  any  reas( 
thin  shims  about  .005-inch  thick  to  the  others,  until  there  is 
preciable  lost  motion  and  yet  no  binding  between  bearing 

A  word  of  caution  is  necessary  to  the  inexperienced  n 
when  tiglitening  adjustable  bearings  of  the  cup  and  cone  typ 
first  thought  when  looseness  is  detected  is  to  tighten  them  by 
ing  the  cones  into  closer  engagement  with  the  balls  and  thu 
these  members  more  tightly  against  the  bearing  cups.  This 
never  be  done  without  examining  the  condition  of  the  euj 
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^  401. — ^nlnatraUng  Depredation  in  Oup  and  Cone  Bearing  at  A  and 
B  mud  Metbod  of  Bemoving  Cone  from  WHeel  Spindle  at  C.  Use  of 
Drift  In  Driving  Out  Anti-Friction  Bearing  Oops  from  Wlieel  Hub 
OotUued  at  T. 

ball  and  separator  assembly.  If  a  groove  lias  worn  in  the  cup 
eooe,  as  shown  at  Fig.  401,  A,  due  to  flaking  away  of  the  metal 
•r  load,  nothing  will  be  gained  by  adjusting  the  bearing  *" 
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briugiug  the  cone  into  closer  engagement.  This  will  cause 
to  ride  on  the  sharp  edges  of  the  grooves  as  shown  at  Fig 
which  will  result  in  rapid  destruction  of  the  entire  bea 
cause  either  a  broken  ball  or  some  of  the  flaked  particle; 
will  get  between  the  bearing  parts.    When  adjustable  bea 


Fig.  402. — Wheel  Bemoved  from  Motor  Truck  Front  Axle  to 
Arrangement  of  Bearings  on  StMrlng  Splndla. 

eonie  worn  it  is  necessary  to  replace  both  worn  cup  anc 
well  as  entire  new  series  of  steel  balls. 

AVhen  it  is  necessary  to  replace  a  bearing  the  old  one 
removed,  and  while  a  number  of  tools  has  been  descr; 
work  very  well  on  modern  cars,  some  difficulty  will  be  ex; 
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those  of  early  design  because  no  provision  was  made  for  easy 
loval  as  is  now  the  case.  The  easiest  method  of  removing  a  bear- 
cone  when  it  is  forced  on  a  wheel  spindle  and  no  opportunity  is 
sent  for  using  a  special  puller  is  shown  at  Fig.  401,  C.  A  sharp 
I  chisel  is  used,  tliis  being  driven  between  the  cone  and  the 
tilder  against  which  it  is  forced  on  alternate  sides,  first  above, 
1  below,  -end  then  on  either  side  until  the  cone  has  been  worked 
of  the  wheel  spindle.  Similarly  a  ball  or  roller  bearing  cup 
r  ia  a  tight  fit  in  a  wheel  hub  may  be  driven  out  by  careful  ap- 
iticm  of  a  brass  drift  as  shown  at  Fig.  401,  F.  The  hammer 
shoiild  never  be  directed  at  any  one  point  of  the  cup  because 
reaBore  is  applied  at  one  point  only  it  will  cramp  the  cup  in 
and  any  further  hammering  after  the  cup  is  ** cocked'*  will 
^e  to  make  it  more  difficult  to  remove.  Tlie  method  of  re- 
oone  from  a  long  shaft  by  a  piece  of  pipe  as  at  B,  and  by 
poller  as  at  Fig.  401,  E,  is  generally  understood  by  repair- 
It  the  eone  resists  either  of  these  methods,  it  can  be  forced 
an  arbor  press. 
btion  and  Enclosure. — Ball  bearings  do  not  require  the 
application  of  lubricants  that  is  called  for  by  plain  husb- 
and, to  a  lesser  degree,  by  roller  bearings,  but  this  does  not 
HI  that  lubrication  can  be  neglected  or  done  carelessly.  The 
■itant  point  to  observe  is  that  none  but  pure  mineral  oils  or 
jjaea  be  nsed,  as  any  that  show  traces  of  acid  or  alkali,  or  that 
beeome  rancid  from  oxidization  will  cause  etching  and  rough- 
of  the  highly  finished  surfaces  of  the  balls  and  races.  Lu- 
best  adapted  range  from  light  machinery  oils,  used  in 
high  speed  bearings,  such  as  fitted  in  magnetos,  lighting  gen- 
or  starting  motors,  to  the  viscous  grease  utilized  in  those 
lected  to  heavy  loads  and  revolving  at  low  speeds  as  wheel  bear- 
B  or  differential  bearings.  Wherever  tlie  bearing  can  be  im- 
reed  in  a  bath  of  oil  and  properly  protected  from  water  and  grit 
ghter  oil  can  be  used,  but  when  the  bearings  are  housed  where 
t  or  water  may  get  in,  then  the  use  of  ample  quantities  of  vis- 
■  lubricant,  such  as  vaseline  or  other  mineral  grease  that  is 
»  from  acid  prevents  the  foreign  matter  working  in  between  the 
la  and  races.    Ball  or  roller  bearings  are  generally  enclosed  in 
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bucli  a  manner  tliat  tlici'c  will  be  no  opportunity  for  dust, 
water  to  enter,  and  if  tliia  function  is  properly  performed  I 
sure  will  also  be  tiglit  enough  to  prevent  escape  of  oil. 

Importance  of  Proper  Maintenance  Emphasised. — Desi 
extreme  eare  talien  in  matiiifaetnre.  bearings  of  the  leading 
sometimes  fail  in  service,  and  the  motorist  ur  average  dealt 
ready  to  condemn  that  wliich  he  does  not  fully  iiiidenitand. 


Fig.  103. — Wheel  Removed  from  Full  Floating  Axle  of  Motor  Tr 
Show  Method  of  Ball  Beatlug  luataUation. 

utes  Iht-  cause  of  failure  to  eareless  workmanship  or  the 
poor  ninterinls  oil  the  jiart  of  the  producer,  whereas  the  tm 
ol'len  due  1"  comlitinus  which  are  entirely  within  the  user's  c 
A  biill  lieiiriii^'  iriust  bine  a  certain  amount  of  niunintr  clt; 
lint  in  the  leadin;.'  types  this  is  mneb  less  than  in  a  plain  b 
it  beiti^'  cmuiuun  iiF-ac1ice  to  allow  a  radial  freedom  never  j 
tlmn  .()(Jl-iTii'h.  Jn  eoiinccliun  with  this,  in  single  row  radia 
iufrs  an  axial  t'rcedniu  lu-  end  play  of  the  inner  race  relative 


BaU  Bearing  Maintenance 


805 


Dwed,  this  varying  with  the  size  of  the  bearing  between 
«  of  ,0005-inch  to  .005-inch  for  oew  bearings.  Thus  a 
lade  and  installed  ball  bearing  will  not  deteriorate  in 
d  sense  of  the  term  as  applied  to  plain  boxes;  that  is, 
0  no  reduction  of  diameter  or  increase  in  bore.  If  there 
sive  amount  of  axial  or  radial  motion  the  cause  is  ad- 
'  some  abrasive  between  the  components  of  the  bearing 
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sading.  As  is  true  of  any  bearing,  the  amount  of  wear 
[  upon  the  cutting  power  of  the  grit,  the  pressure  the 
e  subjected  to,  and  the  amount  of  time  the  foreign  mat- 
wn  the  working  surfaces. 

re  places  where  a  certain  amount  of  dirt  and  metallic 
e  always  present.  For  example,  many  eases  of  trouble 
e  and  transmission  case  bearings  have  been  definitely 
e  of  minute  particles  of  metal  ground  off  from 
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the  gears,  or  sand  loosened  from  the  interior  of  the  gear 
rear  axle  housing  castings.  In  sliding  gears,  especially  whe 
ated  by  an  inexperienced  person,  there  is  a  constant  eJasl 
the  pinions  in  changing  speed,  which  tends  to  loosen  psrti 
metal  from  the  teeth.  These  fall  into  the  lubricant,  m 
churned  around  and  often  find  their  way  into  the  ball  raw* 


i'ri'i'i'i'i',|.'i'i'i'i'i'iTi'J.Ti'i'i'. 


Fig.  40S. — OUart  Showing  DrlT»  Flti  foz  B«U  Baaxingi,  et 

rapid  failure  of  the  bearing  is  the  inevitable  coDsequen< 
importance  of  proper  mounting  has  been  so  firmly  impresG 
the  automobile  manufacturers  that  but  little  trouble  is  caui 
improper  installation  in  cars  of  reputable  makes.  Hen« 
forced  to  consider  the  user  in  many  cases  when  analjzin 
of  bearing  failure. 

There  is  a  condition  that  is  beyond  the  control  of  th 
facturers  of  either  the  bearings  or  the  mechanism  to  wh 
are  fitted,  and  that  is  the  use  of  impure  oils,  and  cuelei 
washing  the  running  gear  and  other  parts  of  autfunobiles, 
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ig.  406. — ^Table  of  Standard  Fits  for  Ball  Bearings. 


lure  of  wheel  bearings  have  been  directly  attributed  to 
by  the  indiscriminate  application  of  a  stream  of  water 
)  lbs.  pressure  per  square  inch  which  is  not  uncommon 
:y  water  mains,  to  the  parts  of  the  car  in  which  they  are 
The  water  finds  its  way  into  the  bearings,  causes  the 
hed  surfaces  of  the  balls  and  races  to  rust,  and  the  ex- 
racy  in  manufacturing  and  the  care  of  installing  is 
preventing  breaking  down  of  the  bearings.  The  user 
liberately  clean  off  the  parts  of  the  power  plant  with  a 
vril  effects  of  water  at  this  essential  point  having  been 
his  attention  too  forcibly  by  troubles  in  carburetion  and 
$t  the  same  person  who  is  so  extremely  careful  of  the 
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motor,  will  spray  other  parts,  fully  as  important  in  the  duties 
perform,  with  a  stream  of  water  under  high  pressure. 

That  rust  is  absolutely  destructive  to  ball  bearings  has  brt: 
thoroughly  proven  in  so  many  instances  that  the  contention  canul 
be  questioned.  Of  what  value  is  extreme  accuracy  of  finish  of  tie 
balls  to  .0001  of  an  incli  if  the  advantages  accruing  are  to  be  mifr 
gated  by  deposits  of  rust  of  much  greater  thickness  than  the  M 
established  in  manufacturing.  Such  a  condition  can  be  as  eadi 
recognized  ])y  the  novice  as  by  the  most  expert  for  even  if  the 
bearing  lias  been  cleaned  so  that  no  ferric-oxide  is  visible  to  tie 
eye,  there  will  be  a  number  of  pits  or  depressions  on  the  variwi 
parts  of  the  bearings,  especially  at  the  highly  finished  ball  surface 
which  are  clearly  evident.  While  these  minute  irregularities  « 
sometimes  caused  by  overloading  and  the  flaking  off  of  the  metil 
which  results  from  this  condition,  if  due  to  causes  other  than  mfl 
and  acid,  the  roughness  would'be  confined  to  the  ball  tracks,  wheif 
as  excoriations  resulting  from  chemical  action  will  be  in  evidentt 
on  all  parts  of  the  bearing. 

It  is  a  known  fact  that  many  oils  and  greases  contain  acids  or 
alkalis,  eitli(»r  as  a  necessary  component  of  their  chemical  composi- 
tion (as  in  some  animal  fats  that  contain  stcfiric  acid)  ;  as  a  part  of 
some  filler  used  to  adulterate  the  oil  or  alter  its  viscosity,  and  some- 
times as  a  residue  of  some  of  the  processes  of  purifying  that  ob- 
tain in  refining  from  the  crude  product.  The  presence  of  acid  ifl 
lubricants  will  cause  an  etching  with  irregular  edges,  in  contrast 
to  the  clearly  defined  rust  marks.  A  good  lubricant  for  bearings 
is  a  slush  made  of  pure  vaseline  and  lighter  mineral  oil  this  beiug 
heated  to  maktt  its  viscosity  less  and  enable  it  to  penetrate  all 
parts  of  the  bearings,  no  matter  how  minute  the  spaces.  TVhen 
the  bearing  has  been  dipped  in  this  and  allowed  to  remain  long 
enough  to  permit  the  oil  to  reach  all  parts,  it  is  taken  out  and  al- 
lowed to  cool  and  the  surplus  lubricant  is  wiped  oflE  the  outsida 
Such  a  mixture  will  stay  in  place  and  will  not  run  out  like  lighter 
oils,  and  at  the  same  time  its  viscosity  is  not  so  high  that  it  irill 
produce  unnecessary  friction. 

How  Bearings  Slioxvid  "ft^  GV^^tl^^  b«(ot«  ExaminatioiL— An- 

other  point  that  can  \s^  ct\Wc\^^  ^^  ^^  ^w^Ts^sii.  \as^OMs^  c:R^ 
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ing  ball  bearings  in  the  average  car  repair  establishment  or 
chine  shop.  They  are  often  dipped  in  dirty  gasoline  in  which 
gears  and  other  parts  have  been  previously  cleansed,  and  this 
terial  is  often  so  full  of  metallic  particles,  that  as  soon  as  it 
stirred  up  enough  to  disturb  the  sediment,  instead  of  having 
clean  bearing,  one  has  filled  it  with  deleterious  substances  wi 
knowing  it.  A  simple  solution  of  common  washing  soda  and 
water,  such  as  is  used  in  many  shops  for  cleaning  greasy  parts 
assembled  bearings  at  the  completion  of  the  manufacturing  p 
oflEers  important  advantages.  This  can  be  easily  made  by  taldlj 
about  a  handful  of  the  soda  to  the  pail  of  boiling  water.  TS 
cleaning  agent  should  be  kept  nearly  at  boiling  point  while  in 
The  bearings  are  placed  in  a  wire  basket,  or  hung  on  a  wire 
dipped  in  an  alkali  solution  a  few  times  to  remove  all  dirt;  the 
they  are  immersed  in  clean  kerosene  and  given  a  swirling  motii 
to  have  this  material  thoroughly  clear  out  all  traces  of  the 
The  bearings  should  not  be  allowed  to  remain  in  the  wash 
than  a  few  minutes  at  the  most,  and  a  few  dippings  are  all 
is  necessary  to  clean  them  out  thoroughly  and  cut  all  the  hard 
rancid  grease  or  remove  any  metallic  dust  present.  After  e 
tion  of  used  parts,  if  the  bearings  are  clean,  the  surfaces  bri 
and  there  is  not  too  much  looseness,  they  are  in  good  condition. 

A  little  attention  given  to  careful  inspection  and  consistent 
brication  of  bearings  will  be  amply  compensated  for  by  the 
creased  service  obtained  and  augmented  efficiency.    The  impoi 
rules  upon  which  efficient  ball  or  roller  bearing  service  is 
can  be  summed  up  in  a  very  few  words. 

First,  inspect  the  bearings  from  time  to  time  and  see  that 
are  clean,  and  the  lubricant  does  not  comtain  foreign  matter, 
pecially  in  gear  boxes  and  differential  casings. 

Second,  be  careful  in  supplying  new  lubricant  that  it 
from  acid,  alkali,  vegetable  or  animal  fillers  or  other  deleti 
substances. 

Third,  when  installed  in  exposed  parts  of  motor  ears,  be 
when  washing  not  to  direct  the  stream  of  water  directly 
bearing  housings  of  the  parts. 

Brake  Forms  and  Adjustments. — The  brakes  used  to 
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otor  car  motion  are  a  part  of  the  car  that  are  not  only  used,  but 
hich  are  often  apt  to  be  abused.  Brakes  are  of  two  general  forms, 
le  internal  type  as  shown  at  Fig.  407,  A,  and  the  external  con- 
tricting  band  type  as  exemplified  by  the  outer  brake  of  the  assem- 
iy  shown  at  Fig.  407,  B.  Internal  brakes  may  be  either  metal 
Jioes  that  are  in  metallic  contact  with  the  brake  drums  attached 
wheel  hubs  when  applied,  or  members  faced  with  some  asbestos 
ictional  material  which  can  be  replaced  when  worn.  The  internal 
:es  may  be  cam  expanded  as  the  forms  shown  at  A  are  or  may 
worked  by  a  wedge  expander  as  the  internal  brake  expanders 
the  assembly  shown  at  B.  As  a  rule  no  adjustment  is  provided 
cam  expanded  brakes  in  the  brake  construction  itself.  On  ex- 
emal  brakes,  means  of  adjustment  are  usually  included. 

When  full  movement  of  a  hand  lever  or  pedal  fails  to  engage 
D  internal  brake  the  first  step  is  to  remove  the  wheel  to  make  sure 
|iat  the  slipping  is  not  due  to  deposits  of  grease  or  to  worn  brake 
leings.  If  the  brake  facing  is  clean  and  not  worn  unduly,  the  only 
iraetical  means  of  adjustment  is  by  tightening  up  on  the  operating 
Inkage.  This  is  easily  done  by  shortening  the  brake  control  rod. 
|l  the  construction  shown  at  Fig.  408,  B,  this  is  easily  accom- 
lished  by  turning  up  on  a  turnbuckle  set  into  the  brake  rod.  In 
D  cases,  even  if  the  turnbuckle  is  not  provided,  the  clevis  at  the 
ad  of  the  rod  may  be  screwed  up  further  on  the  rod  which  has 
lie  same  eflfect  as  shortening  the  rod  by  a  turnbuckle  would  have. 
Care  should  be  taken  in  adjusting  brakes  by  altering  the  length 
f  the  brake  rod  to  have  the  brakes  on  both  wheels  take  hold  at 
lie  same  time.  In  the  construction  shown  at  Fig.  408,  A,  this  may 
e  done  by  unloosening  the  clamp  bolts  and  setting  the  lever  oper- 
ling  the  right  brake  at  the  proper  point  in  the  slot  of  the  master 
nrer  which  also  operates  the  left  brake.  On  an  external  brake  of 
le  form  shown  at  Fig.  408,  C,  the  means  of  adjustment  is  readily 
erceived.  "With  an  external  constricting  brake  it  is  merely  neces- 
iiy  to  reduce  the  circumference  of  the  brake  band  by  screwing 

Lan  adjustment  to  provide  for  minor  depreciation  of  the  brake 

i    On  the  Overland  cars,  when  it  is  desired  to  adjust  the  brakes 
pB  is  easily  done  by  loosening  a  damp  bolt  passing  through  the 

i 
I 

y 
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Fig.  403. — Showing  Methods  of  Brftke  Adjustment. 

lever  to  wliieh  the  rod  is  connected  and  a  slotted  actuating 
pinned  to  the  sliaft  employed  in  operating  the  brakes.  It  is 
necessary  to  rock  the  member  over  so  that  the  brake  parts 
nearly  in  engagement  with  the  brake  lever  or  pedal  fuUy  i 
and  then  to  maintain  adjustment  by  screwing  the  operatii 
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gainst  the  actuating  member  with  the  clamping  bolt.  Suf- 
luge  of  adjustment  is  provided  to  take  care  of  all  brake 
other  than  that  caused  by  worn  brake  lining.  This  method 
:ment  is  clearly  shown  at  Fig.  408,  D. 
nding  brakes  are  harder  to  fix  than  constricting  brakes  es- 
if  they  are  of  the  solid  shoe  form  and  not  provided  with 
I  material.  The  first  step  in  examining  the  internal  brake 
ove  the  wheel  which  is  done  with  a  wheel  puller  as  shown 
i09,  A,  if  the  rear  construction  is  of  the  semi-  or  three- 
ioating  type.  The  full  floating  wheels  may  be  removed  as 
t  Fig.  398.  Wlien  the  brake  shoes  are  of  the  solid  cast 
adjustment  for  depreciation  may  be  made,  as  shown  at 
D,  providing  some  of  the  wear  is  at  the  point  where  the 
to  spread  the  brake  shoes  apart.  It  is  possible  to  put  a 
e  of  hardened  steel  on  the  worn  end  of  the  shoe  by  using 
ns  or  flush  headed  screws.  This  spreads  the  brake  shoes 
tly,  the  amount  of  spreading,  of  course,  depending  upon 
ness  of  the  applied  pieces  and  makes  it  possible  to  bring 
;  into  positive  engagement  with  the  brake  drums  with  but 
vement  of  the  expanding  cams.  If  the  brake  shoes  them- 
B  worn  and  it  is  not  easy  to  secure  new  ones,  the  surfaces 
•estored  to  efficiency  by  the  application  of  thin  sheet  brass 
which  material  is  firmly  held  in  place  by  rivets  and  which 
ffect  of  restoring  the  worn  segment  or  shoe  to  its  original 
When  pieces  are  applied  to  the  brake  shoes  care  should 
in  refitting  the  wheels  that  the  shoes  do  not  bind  against 
1  when  the  brake  leverage  is  released.  Any  high  spots 
must  be  smoothed  off  with  a  file  in  order  not  to  heat  up  the 
im  through  useless  friction  when  the  car  is  in  operation, 
)ieal  brake  assembly  is  shown  at  Fig.  409,  D.  This  is  used 
models  of  the  Cadillac  car  and  consists  of  an  internal  ex- 
band  and  an  external  constricting  one.  Adjustment  of 
ee  brakes  is  made  by  turning  the  screw  S  which  is  on  the 
he  brake  carrier  until  the  part  of  the  band  opposite  it  is 
as  close  as  possible  to  the  brake  drum  without  touching  it. 
ust  the  nuts  T  on  the  eye  bolt  until  the  lower  half  of  the 
ing  just  clears  the  drum.     The  nut  V  on  the  upper  end 
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of  the  eye  bolt  is  so  adjusted  as  to  bring  the  lever  W  to 
tion  shown  in  drawing  when  the  brake  is  applied.  With  t 
released  the  clearance  between  the  lining  and  the  dmm  sh 
be  over  ^a-inch,  and  if  more  clearance  exists  it  may  be  ret 
the  set  screw  X  in  the  rocker  lever  Z. 


Tig.  409. — Hints  on  Adjusting  Intenul  and  Ext«nuJ  Brak 

The  internal  brake  is  constructed  to  be  adjusted  for  c 
between  the  internal  band  and  the  drum  without  remoi 
wheels.  Jack  up  the  axle  so  the  wheel  will  clear  the  gr 
permit  revolving  it  by  hand.  A  cover  A  will  be  found 
brake  drum  which  can  be  removed  by  unscrewing  the  \oc 
and  turning  the  bolt  to  the  left  about  a  quarter  turn  n 
clamping  bar  D  is  released.  Next  rotate  the  wheel  until  tl 
ing  registers  with  the  adjusting  screw  E  carried  at  the  bi 
of  the  brake  band  or  at  the  point  opposite  the  expandin 
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lism.    Turn  the  screw  E  until  the  part  of  the  brake  lining 

;e  it  is  brought  as  close  to  the  inner  surface  of  the  brake 

IS  possible  without  touching  it.    Turn  the  wheel  until  access 

ined  to  the  six  locking  screws  N  and  loosen  these.    This  is 

/  bringing  the  opening  in  the  brake  drum  opposite  each  screw 

1  and  turning  these  with  a  suitable  socket  wrench.     Then 

le  two  adjusting 
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id   and   left   on 

er  until  the  cen- 
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Dmpleting  the  work,  also  that  the  cover  in  the  opening  of  the 
1mm  be  replaced  and  fastened  securely. 
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Fig.  ilO. — Simple  Fixture  to  Facilitate  Biyet- 
ing  Brake  Iilning  to  Steel  Brake  Bands. 
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If  the  brake  lining  is  worn  it  should  be  removed  by  chippinf 
oflf  the  rivets  and  driving  them  out  of  the  hole  in  the  brake  band 
A  piece  of  new  lining  is  cut  to  the  proper  length  and  holes  are 
drilled  through  it  to  coincide  with  those  in  the  brake  bands.  The 
best  method  is  to  drill  only  two  holes  at  a  time  and  fit  the  lining 
carefully  to  one  end  of  the  brake  band,  then  drilling  in  the  next 
two  rivet  holes  and  after  the  lining  is  securely  fastened  in  place  to 
go  on  to  the  next  rivets.  It  is  important  to  use  copper  rivets  bar- 
ing reasonably  large  heads  that  will  not  pull  through  the  materiil 
and  to  countersink  the  material  enough  so  the  rivet  heads  will  ^ 
firmly  embedded  below  the  surface  so  as  not  to  come  in  contact 
with  the  brake  drums.  Some  cases  of  slipping  brakes  have  been 
traced  to  projecting  rivet  heads  which  did  not  permit  the  frictioo 
lining  to  come  into  contact  with  the  brake  drums. 

A  simple  fitting  which  can  be  placed  in  an  ordinary  bench  vise 
for  riveting  against  is  clearly  shown  at  Fig.  409,  B.  This  is  aa 
ordinary  steel  drift  having  a  flat  point  of  the  same  size  as  the  rivet 
head.  The  fitting  shown  at  Fig.  410,  A,  may  be  placed  in  a  commoa 
vise  or  may  be  formed  to  fit  the  pritchell  hole  in  an  anvil.  Thii- 
piece  may  be  made  of  mild  steel  though  the  punch  H  which  is  th  ■ 
same  size  as  the  rivet  head  can  be  made  of  tool  steel.  The  body  ol* 
the  tool  is  flattened  out  on  the  under  side  where  it  rests  on  the  an-- 
vil  or  bench  vise  top  and  is  left  oval  on  the  top.  A  ^-inch  hdek 
drilled  in  the  top  and  tool  steel  punches  of  the  form  shown  at  fl; 
may  be  driven  in  place,  some  arrangement  being  made  by  whiA 
the  punch  may  be  driven  out  and  replaced  by  a  new  one  if  it  be^ 
comes  broken  or  by  one  of  smaller  size  if  different  rivets  are  uarfr 
A  hammer  and  an  ordinary  rivet  set  are  used  to  set  the  riveta 
shown  in  the  lower  portion  of  the  illustration.  Copper  rivets  ar^ 
easily  headed  up  and  neat  heads  may  be  formed  without  tro 
Never  use  iron  or  steel  rivets  for  holding  brake  linings  in  place 
projecting  heads  may  wear  grooves  in  the  brake  drums.  The 
remedy  for  gr(K)ved  brake  drums  or  members  that  have  worn 
is  replacement  with  new  ones. 


CHAPTER   X 

WHEELS,    RIMS    AND    TIRES 

Wood  Wheel  Construction — ^Houk  Wire  Wheel — Dnnlop  Wheel — ^Rudge-Wl 
worth  Wire  Wheel — Solid  Tire  Forms — Pneumatic  Tire  Constructioi 
The  Cord  Tire — Rims  for  Pneumatic  Tires — ^Tools  for  Tire  Repain 
How  Tires  are  Handled — Small  Vulcanizers — Shop  Vulcanizing  Equ 
ment — Supplies  and  Materials  for  Tire  Repair  Work — ^How  Tires  i 
Often  Abused — ^Why  a  Tire  Depreciates  Rapidly — Water  Rots  Fabrit 
Tire  Tube  Repairs — ^Replacrng  Valve  Stems — Simple  Casing  Repain 
Casing  Repairs  Made  from  Inside — Retreading  and  Rebuilding  Tirei 
The  Dry  Cure  Method — Air  Pressures  and  Carrying  Capacity — ^Increi 
in  Pressure  by  Heat — Carrying  Capacity  of  Solid  Tires — Metric  Si; 
and  American  Equivalents. 

The  repairing  of  automobile  tires  is  work  that  is  usually  L 
to  the  specialist  whereas  it  can  be  very  profitably  done  by  the  avi 
age  garage  man  if  the  necessary  equipment  is  installed.  The  toe 
supplies  and  apparatus  needed  are  not  expensive  and  the  skill  : 
quired  is  much  less  than  that  needed  to  do  the  mechanical  wc 
incidental  to  the  repair  of  the  engine  and  other  vehicle  parts.  I 
fore  considering  the  subject  of  tire  repairing  it  may  be  well  to  : 
view  briefly  the  various  forms  of  wiieels  and  tire  retaining  rims 
which  the  tires  are  mounted.  The  tire  repair  processes  will  be  c( 
sidered  from  the  point  of  view  of  those  who  desire  to  make  oi 
temporary  repairs  or  take  care  of  roadside  accidents  as  well  as  : 
eluding  the  more  complete  instructions  necessary  for  making  p< 
manent  repairs  by  vulcanizing  processes.  The  equipment  illi 
trated  for  doing  the  w^ork  is  typical  and  has  proven  satisfactory 
practical  use. 

Wooden  Wheel   Construction. — The   most   popular  form 
wheel  to  have  received  general  application  on  all  classes  of  au 
mobiles  is  the  wooden  spoke  member  of  the  same  type  as  used 
gun  carriages  and  for  that  reason  termed  the  artillery  wheel.  Vq 
ous  steps  in  making  the  parts  of  the  wheel  aivA.  «\^o  Wv^  x^^wst'sss 
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•wheel  assembly  are  shown  at  Fig,  411.  The  spokes  are  turned  fi 
a  billet  as  shown  at  A  at  the  top  of  the  illustration,  the  snee 
operation  being  shown  at  B  in  which  the  spoke  has  been  t 
approsimatt'ly  to  size  on  a  special  turning  lathe.  The  operali< 
called  club  turning  because  of  the  shape  of  the  stock  after  itll 
the  maebine.    The  way  the  elliptical  section  is  obtained  is  b;  h 
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ble  centers  and  a  cam  motion  to  move  the  lathe  heads  in  and 
ith  respect  to  the  cutters  so  as  to  get  the  section  desired.  The 
>peration  is  mitering  down  the  big  end  as  shown  at  C  and  then 
ig  it  over  a  planer  to  have  the  wedged  shape  end  of  uniform 
less,  as  outlined  at  D.  The  next  step  is  to  turn  the  tenon  at 
pper  end  which  fits  into  the  wheel  felloe. 
;ie  felloes  are  made  by  bending  special  pieces  of  stock  (which 
een  steamed)  by  a  form  of  clamp  and  introducing  a  spacer 
en  the  two  ends  in  order  to  secure  the  desired  curvature.  The 
blanks  are  kept  in  the  form  shown  at  B  for  a  period  of  time 
)laced  in  drying  kilns.  After  removal  from  the  kiln  they  are 
by  a  strip  S  for  a  time  after  which  the  strip  is  knocked  oflf 
he  felloes  sawed  to  the  proper  form.  The  pieces  D  are  planed 
►th  sides  and  also  finished  on  the  curved  surfaces  in  order  to 
:h  them,  followed  by  an  operation  to  drill  for  the  spokes  with 
cial  machine.  The  next  step  is  to  smooth  the  felloe  member 
ally  on  the  inside,  then  to  sand  paper  off  the  sharp  comers 
ten  the  spoke  holes.  The  felloe  strips  are  then  taken  to  a 
il  machine  which  cuts  the  ends  with  proper  relation  to  the 
f  holes  so  the  wheel  may  be  assembled.  The  last  operation  is 
Eacing  which  is  a  form  of  counter  boring  on  the  inside  of  the 
r  where  the  end  of  the  spoke  comes  in  contact  with  it. 
he  first  stage  in  assembling  the  wheel  is  shown  at  A  in  the 
•  portion  of  the  illustration.  Here  the  spokes  are  driven  into 
»lloe  and  when  the  two  halves  of  the  wheel  are  available  they 
►laced  in  a  special  machine  w^hich  clamps  the  spokes  and  the 
f  band  tightly  together.  While  the  w^heel  is  in  this  machine 
nmy  hub  is  put  in  place  and  tightly  clamped  as  shown  at  C. 
function  of  this  is  to  keep  the  wheel  together  during  the  as- 
[y  process.  When  the  wheels  have  been  clamped  they  are 
L  to  an  operator  who  cuts  the  joints  in  order  to  provide  for 
hrinking  of*  the  steel  rim.  The  clamped  wheel  is  taken  over 
special  table  where  the  rims  are  placed  on  them.  The  rims  of 
are  heated  by  a  series  of  gas  flames  which  play  upon  all  por- 
of  a  steel  rim  or  band  until  this  has  been  expanded  enough  so 
'heel  can  be  readily  inserted.  The  rim  is  dropped  over  one  of 
nrimmed  wheels  as  shown  at  C  and  placed  under  a  heavy  press 
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which  forcos  the  steel  rim  to  its  proper  position  on  the  wooda 
feUoe.  After  the  rim  has  been  slinink  on,  the  false  hub  majhj 
removed  as  tlie  rim  keeps  the  wheels  together.  The  center  istha! 
bored  out  and  a  finishing  cut  taken  on  both  sides  of  the  spokes  I 
the  hub.  The  wheel  is  then  carried  to  a  drill  press  of  the  miiltipfc 
spindle  type  wliicli  makes  all  of  the  holes  for  the  brake  drumir 
hub  flanfres.  The  final  assembly  process  is  to  put  the  hub  flanga 
in  place  and  Ijolt  them  up. 

A  wooden  wheel  is  not  subject  to  damage  or  depreciation  frw 
use  unless  the  car  lias  skidde<l  into  a  curb  or  hit  some  obstacle  tint 
will  tend  to  knock  the  wheel  out  of  true  or  break  some  of  the  spoka 
As  a  rul(%  hrokcMi  sj^okes  can  only  be  inserted  by  a  wheelwright « 
one  familiar  with  the  manufacture  of  wheels.  In  eases  where  only 
one  or  two  sj)()kes  are  broken  it  is  possible  to  insert  new  ones  by  un- 
bolting the  hub  flanges  and  drilling  out  the  broken  end  of  the 
tenon  pin  that  remains  in  the  felloe.  The  new  spokes,  wliich  nuj 
be  made  by  liand  in  an  emergency,  are  easily  inseii:ed  in  place  of 
the  damaged  ones  and  the  wheel  assembly  again  clamped  together 
between  the  hub  flang(\s.  In  some  cases,  after  a  car  has  been  used 
for  a  time,  e.si)ecially  in  dry  sections  of  the  country,  considerable 
slack  or  looseness  may  exist  between  the  hub  flanges  and  spokes  and 
also  between  the  spok(»s  themselves.  Xo  trouble  will  be  experienced 
from  this  source  if  a  car  is  washed  frequently  because  the  water 
will  i)revent  the  spokes  from  shrinking  away  from  the  hub  flanges 
Even  if  the  looseness  is  noticeable,  which  is  a  fertile  source  of 
squeaking  noises  coming  from  the  wheels  while  they  are  in  service, 
in  many  cases  the  spok(\s  may  be  swollen  enough  by  soaking  the 
wheel  well  with  water  to  correct  the  trouble. 

A  simple  method  of  overcoming  this  difficulty  when  the  soaking 
treatment  does  not  correct  the  fault  is  shown  at  Fig.  412.  If  the 
work  is  carefully  <lone  a  badly  racked  wheel  may  be  made  capable 
of  giving  considerably  more  service.  The  hub  is  sh(J\^'n  in  the  sketch 
with  the  flange  removed  to  (*xpose  the  mortised  ends  of  the  spokes 
to  view.  This  may  be  easily  accomplished  by  removing  the  nuts 
from  the  bolts  and  i)rying  the  hub  flange  away  from  the  wheel 
Thi"  lost  motion  beUveeu  \\\q  v^voVc^  vi^xiXi^  \."^^t!lX5l^  \i^  driving  thin 
wrclisvs  of  sheet  stee\  \i\\o  W\^  ov^\y  «^^^^  "Os^wi'sgcL  \ti  wota  ^asK 
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the  spokes  are  very  loose  hard  wood  wedges  may  be  driven 
n  making  the  wedges  they  should  be  shaped  straight  with  a 
taper  at  the  end  to  facilitate  driving  them  in  place.  It  is 
hat  if  made  with  a  taper  their  full  length  that  they  will  have 
Jency  to  work  out.  Before  driving  the  wedges  in  place  they 
i  be  covered  with  a  coating  of  glue  and  after  all  the  wedges 
;ary  have  been  inserted  the  protruding  edges  can  be  cut  oflf 
a  chisel  and  the  ends  smoothed  down  flush  with  the  spokes, 
e  replacing  the 
linge  the  center 
5  wheel  should  be 
red  with  a  coat 
iming  paint.  Ob- 
y,  the  wedges 
1  be  as  wide  as 
:hickness  of  the 
s  and  only  suffi- 
y  thick  to  take  up 
pace  existing  be- 
the  spokes.  If  a 
is  not  very  loose, 
5s  1,  2,  3, 4,  5,  and 
driven  into  place, 
h  in  very  loose 
s  another  set  of 
»s  numbered  7,  8, 
11  and  12  should 
ed  to  fill  the  re- 
ng  space.  It  will 
parent  that  the  bolt  holes  must  be  cleared  out  with  a  drill  after 
edges  have  been  driven  in.  The  final  operation  is  to  replace 
lb  flange  and  bolt  it  tightly  in  position.  It  will  be  found  ad- 
e  to  burr  over  the  projecting  ends  of  the  bolt  after  the  nuts 
:rewed  down  tightly  in  order  to  prevent  the  nuts  from  back- 
Bf.  The  wheels  of  some  cars  are  held  together  by  rivets  in- 
of  bolts.  As  the  heads  of  the  rivets  must  be  sheared  off  with  a 
ibisel  to  permit  removal  of  the  flange,  new  rivets  must  be  in- 


Flg.  412. — Method  of  Using  Wedges  to  Take  TTp 
Looseness  Between  Spokes  of  Wooden  Wheels. 
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serted  by  a  process  of  hot  riveting  when  the  wheel  is  agaii 
sembled,  taking  care  to  use  a  rivet  set  in  order  to  make  a  pro] 
shaped  head. 

Houk  Wire  Wheel. — Many  recent  models  of  automobiles  w 
found  equipped  with  wire  wheels  of  some  form  or  other.  Imp 
ments  have  been  made  in  the  method  of  lacing  wire  wheels  so 
the  forms  used  for  automobiles  are  very  strong.  This  is  due 
method  known  as  triple  spoke  lacing  as  this  provides  a  combin 
that  permits  the  wheel  to  support  radial,  torsional,  side  thrust 
shock  stresses  in  a  much  superior  manner  to  the  old  double  { 
lacing  formerly  used  on  light  automobiles  and  widely  appUe 
bicycles  and  motorcycles.  Practically  the  only  trouble  that  ca 
cur  in  a  wire  wheel  is  breakage  of  the  spokes  and  as  most 
wheels  are  of  readily  detachable  form  it  is  only  neeeasaiy  t 
move  the  defective  members  and  replace  them  with  new  q 
care  being  taken  not  to  tighten  the  spoke  nipple  unduly  and 
pull  the  rim  out  of  true.  The  rims  of  the  wire  wheels  used  on 
mobiles  are  for  the  most  part  very  strong  and  are  not  so  lib 
be  pulled  out  of  true  as  the  lighter  rims  of  bicydes  (V  n 
cycles  are. 

If  a  large  number  of  spokes  are  broken  as  might  result  £r 
collision  or  other  accident  it  will  be  advisable  after  replseinj 
spokes  to  true  up  the  rim.  This  is  done  by  revolving  the  i 
and  holding  a  piece  of  chalk  or  crayon  nearly  against  the  whee 
to  indicate  the  high  points  where  the  wheels  run  out.  These  p 
may  be  eliminated  by  screwing  in  on  some  of  the  spokes  and  lo 
ing  on  others  until  the  wheel  runs  true.  This  requires  som 
gree  of  skill  but  can  be  easily  accomplished  after  a  little  pra 
The  spokes  are  usually  of  high  tensile  strength  steel  wire  hav: 
button  head  at  the  lower  end  where  they  fasten  to  the  hub  fl 
threaded  upper  end  which  screws  into  the  nipple  which  drav 
spoke  taut  and  which  fits  in  a  countersunk  hole  in  the  steel  y 
rim. 

A  typical  triple  spoke  wheel  of  Houk  manufacture  is  shoi? 
Fig.  413,  A,  while  the  method  by  which  it  is  fastened  to  the  m 
hub  is  clearly  shown  at  Fig.  413,  B.  Most  wire  wheels  are  i 
so  as  to  be  easily  detachable  from  a  master  hub  which  is  nc 
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ed  from  the  wheel  spindle  or  axle  and  which  is  supported  by 
beariDgs  or  axle  shafts.  The  wire  wheel  is  built  up  with  an 
liary  pressed  steel  hub  as  a  basis  which  is  provided  with  a 
s  of  holes  to  fit  over  driving  pins  attached  to  the  flange  of  the 
:er  hub  and  which  is  formed  on  the  inside  with  two  tapered 
J,  the  angle  of  the  tapers  being  opposed  to  each  other.  One  of 
male  tapers  forms  part  of  the  master  hub  which  is  shown  at 
place  on  the  front  wheel  spiudle  while  the  other  male  taper  is 


Tig.  413.— Tli«  Honk  DetachftUe  Wlr«  Wheel. 


the  locking  nut.  When  the  lock  nut  is  screwed  onto  the 
aded  end  of  the  master  hub,  which  is  sometimes  termed  the 
;r  or  fixed  hnb,  it  forces  the  female  taper  on  the  inside  of  the 
(sed  steel  wheel  hub  against  the  male  taper  on  the  master  hub. 
torsional  force  is  applied  to  the  wheel  through  substantial  driv- 
pins  which  engage  with  registering  holes  in  the  hub  flanges. 
These  drive  pins  as  well  as  the  hub  are  treated  with  a  special 
'proofing  process  and  the  pins  are  nickel  plated,  rendering  cor- 
on  or  stickily  of  the  parts  difHcult.  If  the  wheels  have  been 
t  on  for  a  time  and  have  not  been  disturbed  it  is  likely  that 
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some  trouble  may  be  experienced  due  to  rusting  of  the  pins 
the  nickel  plating  will  not  protect  these  at  all  times.  The  i 
be  easily  cleaned  off  when  the  wheel  is  removed  and  a  r» 
of  the  trouble  avoided  by  greasing  the  pins  liberally  be 
wheel  is  again  replaced  on  the  master  hub.  The  coub-tructio 
automatic  locking  nut  which  is  a  feature  of  the  Houk 
clearly  shown  at  Pig.  414.  The  hub  at  A  is  a  rear  hub  att 
a  semi-floating  drive  axle  while  that  at  B  shows  the  conv 


j^j^^        j^^;^ 

P^^^ 

> 

F 

J 

L 

~v-^ — ~ — ' — 

\ 

K.^-^^ 

arrangement  for  a  front  wheel  or  the  hub  of  a  full  float 
axle.  These  nuls  are  threaded  for  a  loose  running  fit  on  th 
and  have  their  conical  end  slotted  into  segments  which  . 
slight  compn'Bsion  when  forced  into  the  conical  seat  of 
shell.  By  virtue  of  the  fact  that  the  nuts  are  threaded  lo 
the  master  hubs  there  is  a  difiference  in  the  circumferentis 
of  the  thread.  If  the  nut  is  not  drawn  up  tightly  through 
the  wheel  supporting  the  weight  of  the  car  would  bear  t 
nut  and  as  the  wl\<;cV  and  \\\\\i  \wct\  viUftu  th.e  ear  moves 
tiie  nut  must  turn  Aiy  a  sort  oi  •i^\c^t\\c  wtNJvtso.-^iafiB.-^'^a. 
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•eads  to  wedge  together  under  the  pressure  of  the  load  and  after 
!  manner  of  a  cone  clutch  prevent  slippage  between  the  threads, 
is  forces  the  nut  to  lag  behind  the  angular  travel  of  the  hub 
rts  and  consequently  to  screw  itself  tighter  on  the  threads  when 
y  are  properly  positioned  on  the  car.  On  the  right  hand  side  of 
?  car  the  hubs  must  be  provided  with  left  hand  threads  while  on 

left  hand  side  the  hubs  have  right  hand  threads.  When  the 
ts  are  once  in  place  there  can  be  no  creeping  action,  as  they 
mp  tightly  dowa  on  the  main  thread  owing  to  the  slight  com- 
ssion  of  the  segments  in  the  conical  end  of  the  hub. 
Diinlop  Wheel. — The  Dunlop  wheels  which  are  shown  at  Pig. 
,  have  attained  great  popularity  in  Europe  and  are  now  being 
1  to  some  extent  in  this  country.  This  wheel  is  yery  quick  in 
ration  and  is  locked  in  place  positively  as  soon  ias  installed. 

inner  hubs  are  made  of  bar  stock  for  the  front  wheels  and  drop 
^iDgs  for  the  rear,  no  castings  being  employed.  As  is  true  of 
svire  wheels,  the  hub  is  composed  of  two  pieces,  one,  which  is  a 
ter  hub  intended  to  remain  in  permanent  assembly  with  the 
porting  bearings  wiiile  the  outer  or  removable  hub  to  which  the 
ces  are  fastened  is  readily  detachable.  The  outer  hub  is  pre- 
:ed  from  turning  on  the  inner  one  by  serrations  or  teeth  which 
located  near  the  conical  surfaces  at  the  inner  end  of  the  hub. 
se  teeth  are  external  on  the  inner  hub  and  internal  on  the  outer 

are  formed  to  fit  between  each  other.  The  engaging  portions 
he  teeth  are  rounded  off  to  enable  them  to  slip  easily  in  mesh. 
jcond  conical  surface  at  the  outer  end  of  the  outside  hub  rests 
:he  hub  cap,  which  is  locked  in  place  in  the  outer  portion  so 

it  cannot  drop  out  when  that  part  is  removed  from  the  inner 
,  but  at  the  same  time  it  is  free  to  turn  in  order  to  screw  on  the 
jr  portion.  As  the  locking  of  the  hub  cap  from  unscrewing 
trmines  the  safety  of  the  wheel  from  coming  off  this  is  an  ad- 
ta^eous  point. 
A.  cup  shaped  member  is  placed  iuside  of  the  outer  end  of  the  in- 

huby  this  is  kept  from  turning  in  the  hub  by  serrations  similar 
hose  between  the  two  portions  of  the  hub,  but  is  free  to  slide  in 

out  within  certain  limits  and  is  normally  pressed  outward  by 
lil  spring.    At  the  outer  end  are  more  serrations,  formed  to  fit 
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corresponding  parts  in  the  hub  cap.  This  lock  is  held  out  of 
gagement  while  the  wheel  is  being  attached  or  detached  by  an 
fcachment  to  the  wrench.  Immediately  upon  the  removal  of  the 
trench  it  is  pressed  in  contact  with  the  hub  cap  and  if  not  al- 
sidy  in  position  to  engage  it  will  come  in  to  the  locking  position 

the  hub  cap  turns  one-sixth  of  a  turii^,  A  special  wrench  or 
►anner  is  needed  for  handling  the  Durilop  wheels.  This  is  of 
"^iinary  box  wrench  form  except  that  it  has  pawls  or  latches  which 
i.gage  in  a  groove  at  the  outer  end  of  the  hub  caps  to  hold  the 
■rench  in  place  and  a  bridge  across  the  middle  which  carries  a 
nick  acting  screw  to  depress  the  locking  device  on  the  inner  hub. 
n  removing  the  wheel  the  wrench  is  snapped  in  place  on  the  hub 
ap  and  the  central  screw  turned  down  to  release  the  locking  piece, 
lich  permits  the  hub  cap  to  be  turned  oflE  easily.  In  attaching, 
:iis  screw  should  be  turned  down  also  in  order  to  prevent  the  lock 
rom  taking  hold  before  the  cap  is  fully  screwed  home.  Aft;er  the 
^king  cap  is  forced  in  place  the  lock  should  be  released  before  re- 
loving  the  wrench  and  the  nut  turned  till  the  lock  engages  so  as 
D  prevent  even  the  slight  looseness  that  would  result  if  the  lock 
lipped  back  into  the  next  notch.  The  lacing  of  the  spokes  is  in 
hree  planes  like  the  spokes  of  the  Rudge-Whitworth  wheels  which 
re  made  under  the  same  patent.  The  sectional  view  through 
lie  end  of  a  rear  axle  fitted  with  Dunlop  wire  wheels  is  shown  at 
•^ig.  415,  A.  As  will  be  evident,  the  master  or  inner  hub  is  carried 
ly  a  combination  double  and  single  row  bearing  mounting,  the 
louble  row  form  being  clamped  to  take  the  end  thrust  on  the 
rheel.  The  axle  is  a  floating  type,  the  bearings  being  mounted  on 
die  tubular  housing  of  the  live  or  driving  axle.  A  similar  con- 
Itruction  is  used  for  the  front  wheel  which  is  shown  at  Fig.  415,  C. 
rhe  method  of  lacing  is  outlined  at  B. 

Budge- Whitworth  Wire  Wheel. — The  construction  of  the 
Rudge-Whitworth  wire  wheel,  which  is  a  very  popular  form,  is 
hown  at  Fig.  416,  A,  while  an  enlarged  sectional  view  of  the  wheel 
lub  construction  is  shown  at  B.  These  are  triple  spoke  wheels  con- 
isting  of  a  removable  outer  hub  and  a  master  hub  mounted  on  ball 
searings.  In  the  illustration  the  permanent  hub  A  re.yoV^^%  nvj^^w. 
he  plainly  indicated  ball  bearings  while  B  \s  \\ve  ^\k%^\v>^-  ""^S^a 
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driving  teeth  or  serrations  are  indicated  at  C.  These  are 
about  ten  in  number  to  eacli  circumferential  inch.  The  wfa 
D  is  circnlar  in  form  and  has  notches  cut  from  its  circum 
to  engage  with  projections  from  a  special  spanner  when  it  1 
necessary  to  revolve  it. 

This  nut  has  a  locking  ring  L  on  its  inner  end-  and  an 
groove  N  between  the  nut  and  locking  ring.    When  the  nu 
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volved  to  the  right  it  drives  the  wheel  up  into  the  permam 
while  revolution  to  t!ie  left  withdraws  it.  A  large  screw  pi 
provided  for  lubricating  the  hearings  of  the  wheel.  The 
device  of  the  Rudge-N^-\\\t'NOT\;&Ss  si\4-Vi\«>"-n«&®ia-^-«» 
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• 

L  that  there  is  a  steel  cap  M  fixed  on  the  outer  end  of 
lib  and  that  this  has  a  female  ratchet  G  cut  in  the  ends, 
t  has  to  engage  a  pawl  mounted  on  a  small  bolt  well 
tlie  wheel  nut.  The  pawl  is  kept  in  engagement  by  a 
lese  parts  form  the  automatic  part  of  the  lock.  A 
employed  to  move  the  wheel  which  has  an  opening  to 
eel  nut  but  it  cannot  be  placed  thereon  until  a  small 

forms  part  of  a  lock  is  swung  around  so  the  pawl 
igages  in  a  depression,  in  which  case  the  spanner  can 
it  in  position.  The  nut  may  be  revolved  freely  until 
s  detached.  In  tightening  the  wheel  into  position  the 
st  be  turned  until  the  wheel  is  completely  in  place  and 
vord  ''safe"  is  not  exposed  in  the  opening,  a  few  strokes 
et  on  the  end  of  the  wrench  will  insure  absolutely  cor- 
.  The  direction  of  spanner  rotation  should  not  be  re- 
a  the  w^heel  is  being  attached  as  this  disengages  the 
Is. 

re  Forms. — Practically  all  commercial  vehicles  of  over 
pacity  are  equipped  with  solid  rubber  tires.  A  number 
vehicles,  even  some  forms  designed  for  pleasure  pur- 
tted  with  cushion  tires.  A  number  of  representative 
lown  at  Fig,  417.  Solid  tires  may  be  of  the  permaDa^V 
:1  or  quick  detachable  types  depending  upon  the  pi(et- 
le  truck  user.  The  driving  wheels  of  motor  trucks  are 
tted  with  dual  tires  in  order  to  aeeure  greater  carrying 
thout  using  excessively  wide  and  expensive  tread  mem- 
)asis  of  most  solid  tires  is  a  ring  of  steel  which  has  pro- 
ions  to  which  a  base  of  hard  rubber  is  vulcanized.  This 
1  rubber  makes  for  secure  attachment  of  the  tire  which 

of  an  especially  tough  rubber  compound.  In  the  per- 
ssembled  forms  of  tires,  the  metal  base  member  is  ma- 
lat  it  can  only  be  installed  on'the  wheel  rim  by  pres- 
i  hydraulic  press.     This  means  that  tires  can  only  be 

stations  where  the  press  facilities  are  available.  The 
e  shown  at  B  has  many  advocates  because  it  can  be 
lied  without  expensive  tools.  In  this  form  the  metal 
r  integral  with  the  tire  has  beveled  edges  which  rest  otl 
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correspondingly  beveled  flange  members  drawn  tightly  in 
bolts  which  pass  through  the  wheel  felloe  and  which  holi 
taining  flanges  firmly  in  place.  This  method  of  construe 
popular  one  when  twin  tires  are  employed  as  shown  at  B  ; 
The  cushion  tires  are  usually  designed  to  provide  mo 
ency  than  is  available  with  the  solid  tires.     The  usual  m 
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^fT^//tms  fLM*e 


obtaining  this  elasticity  is  to  form  the  tread  in  some  si 
will  deflect  or  distort  appreciably  under  load.  The  cos 
shown  at  C  has  the  tread  portion  supported  by  ribs  wl 
give  to  some  extent  when  the  tire  passes  over  a  stone  orot 
obatnietion  that  the  solid  tire  will  ride  over.  In  the  eat 
shown  at  D,  resiliency  is  obtained  by  makiiig  a  large  ni 


Modern  Tire  Construction  881 

a  the  tire.  Eepairs  to  solid  tires  can  best  be  made  at  the 
where  they  are  produced  and  these  are  seldom  necessary 
the  tire  has  been  cut  by  accident.  As  a  rule  when  a  solid 
ars  down  the  only  practical  remedy  is  to  replace  it,  as  it  is 
«eptible  to  retarding  as  the  pneumatic  tires  are. 
lem  Tires  Are  Well  Made. — There  is  an  impression  obtain- 
;h  motorists,  and  even  with  many  engaged  in  the  industry, 
'e  expense  is  an  element  in  automobile  maintenance  depend- 
?e  upon  good  fortune  than  any  care  of  the  tire  manufacturers 
[ucing  good  tires,  or  in  the  motorists  using  reasonable  judg- 
nd  care  in  driving,  and  taking  precautions  that  the  shoes 
!eive  the  same  attention  given  other  components  in  the  vehi- 
he  average  person,  whether  tradesman  or  layman,  seldom 
rs  the  enormous  stresses  to  which  tires  are  subjected  on  even 
itest  of  runabouts  and  motorcycles,  and  as  a  general  rule, 
lioes  are  fitted  to  the  rims,  they  are  forgotten  until  abuse 
less  driving  causes  sudden  end  to  their  usefulness.  Natural 
lay  make  replacement  necessary  and  while  the  American 
icturers  of  tires  are  producing  types  that  are  enduring  and 
Ell,  with  even  the  best  of  care  the  tire  must  eventually  wear 
me  standard  tires  may  be  better  than  others,  but  all  are  good 
11  give  satisfactory  service  if  properly  used.  The  fact  that 
•ient  motor  car  of  to-day  would  not  be  possible  or  practical 
;  the  resilient  support  and  increased  tractive  effort  given  by 
mmatic  tire  is  not  often  considered,  and  tires  are  regarded 
cessary  evil,  though  they  are  really  one  of  the  most  essen- 
l  hardest  worked  components'  of  the  motor  vehicle. 
3  not  intended  to  go  into  the  details  of  tire  manufacture, 
ompare  one  form  with  another,  as  the  actual  methods  of 
ction  are  of  little  concern  to  automobilists  and  those  in  the 
ind  instead  of  a  review  of  the  technics  of  tire  manufacture, 
ter  desires  to  give  some  practical  information  relative  to 
cesses  of  repairing  tires  found  to  be  satisfactory  in  appli- 
based  on  experience  gained  in  both  factory  and  shop.  Such 
s  seldom  published  and  many  motorists  and  repairmen  as- 
lat  automobile  tire  repairing  is  a  mysterious  occupation  that 
id  their  comprehension.    Not  only  among  automobilists,  but 
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throughout  the  greater  portion  of  the  trade  as  well  there  is  no 
clear  conception  of  the  processes  or  the  careful  manipiil 
necessary  to  repair  tires  successfully. 

Construction  of  Tires. — ^While  much  advice  has  been  giTcn 
tive  to  the  care  of  tires  it  will  be  well  to  speak  of  some  caa* 
deterioration,  and  for  the  better  knowledge  of  the  uninfc 
reader  the  conventional  methods  of  tire  making  and  the  qui 
of  the  materials  used  are  outlined.  The  principal  materij 
vehicle  tires  are  rubber  compounds  and  textile  fabrics,  and 
factory  has  its  own  peculiar  processes  of  combining  these  to 
the  finished  tire.  Practically  all  tire  manufacturers  proeui 
fabric  from  firms  making  a  specialty  of  textile  products,  bu 
erally  any  concern  manufacturing  rubber  goods  prefers  to  use 
special  compounds  which  experience  has  shown  are  best  ad 
for  the  appliances  they  manufacture.  The  basis  of  all  ti 
undeniably  fabric  and  crude  rubber,  both  of  which  are  of 
table  derivation,  the  best  fabric  being  of  Sea  Island  cotton, 
the  caoutchouc,  or  India  rubber,  is  the  product  of  a  great  \ 
of  trees,  vines  and  shrubs,  most  of  which  grow  in  the  torrid 

The  substance  which  gives  the  modern  tire  its  strength 
fabric  forming  a  basis  for  attachment  of  the  rubber,  and 
many  materials  have  been  tried,  among  them  silk,  wool  and 
cotton  alone  combines  most  of  the  required  qualities.  Befc 
corporation  in  tires  this  fabric  is  thoroughly  dried  and  ii 
nated  with  rubber.  Nearly  all  tires  are  formed  or  built  on 
and  are  composed  of  layers  of  fabric  and  rubber. 

At  Fig.  422,  A,  a  sectional  view  of  a  **bolted-on  tire"  is 
which  will  serve  to  illustrate  the  manner  in  which  a  tire  if 
of  layers  of  materials.  The  outer  layer  is  specially  tough  i 
known  as  the  tread,  of  such  composition  it  is  strong  and  sp< 
adapted  to  resist  abrasion,  firmly  attached  to  two  layers  of  i 
known  as  breaker  strips,  which  rest  on  another  layer  of  soft( 
more  resilient  rubber  than  that  of  which  the  tread  is  com 
termed  the  cushion  or  padding.  The  main  body  of  the  tire  c( 
of  layers  of  the  frictioned  or  rubber  impregnated  fabric,  the 
ber  of  plies  varying  with  the  size  of  the  shoe.  In  the  base  < 
tire  are  incorporated  hard  rubber  and  fabric  fillers  to  mri 
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eture  of  maximum  strength.  These  successive  layers  are  then 
into  intimate  relation  by-  vulcanization. 
Jause  of  Deterioration. — It  is  evident  the  pneumatic  tire  is  a 
bination  of  materials  that  in  themselves  are  not  specially  en- 
ng,  and  it  is  not  reasonable  for  one  to  expect  lengthy  service 
1  a  tire.  In  considering  the  causes  of  deterioration  we  will 
me  the  tire  is  a  standard  product  of  a  reputable  maker  whose 
esses  of  manufacture  eliminate  defects  which  might  result  from 

material  or  workmanship.    If  the  shoe  is  poorly  made  it  will 

and  the  layers  of  fabric  and  rubber  w^ill  separate,  or  the  side 
5  will  crack ;  if  the  wall  is  too  thin  or  of  insufficient  strength  it 
blow  out,  tear  or  cut,  and  at  the  other  hand  if  there  be  too 
!i  fabric  used  and  the  walls  are  too  thick,  the  flexibility  is  re- 
d,  the  difficulty  of  bending  under  load  is  increased,  the  side 
i  are  forced  to  assume  sharp  angles  and  tlie  fabrics  will  be 
ured.  If  the  tire  be  not  properly  vulcanized,  the  layers  will 
n  from  each  other*  and  if  the  rubber  compound  is  not  right 
•ioration  will  be  rapid.  If  the  tire  is  cured  too  long  its  life 
be  short,  because  the  process  has  changed  the  chemical  com- 
ion  and  physical  characteristics  of  the  materials  employed.  It 
be  evident  that  if  one  regards  only  the  product  of  experienced 
frs  that  faults  due  to  poor  construction  and  material  cannot 
Really  considered. 

erhaps  the  most  common  cause  of  tire  deterioration  is  abuse 
le  user,  and  on  the  other  hand  there  are  unavoidable  causes, 

as  punctures  or  hard  service.  Overloading  and  insufficient 
:ion  are  the  two  most  common  causes  of  poor  tire  service,  and 
seldom  that  the  motorist  observes  the  most  simple  requirements 
will  insure  satisfactory  tire  life.  Each  size  of  tire  is  designed 
9  makers  to  carry  a  certain  weight  which  should  never  be  ex- 
fd,  and  if  the  weight  schedule  is  followed  in  designing  or  equip- 

a  car,  good  results  may  always  be  expected  from  tires,  pro- 
l  they  are  not  otherwise  abused.  If  the  shoes  are  overloaded 
nable  service  cannot  be  expected,  as  no  tire,  no  matter  how 
made,  can  continually  resist  the  internal  pressure  necessary 
ep  it  inflated  enough  to  support  the  load  wlien  of  insufficient 
nty. 
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The  most  important  advice  given  the  purchaser  of  tires 
keep  them  properly  inflated,  and  its  value  cannot  be  overestim 
More  tires  become  useless  from  use  with  too  little  air  pressure 
all  other  causes  combined,  and  while  most  drivers  assume  they 
sufiicient  air  in  the  tires  they  use  it  is  a  fact  they  habituail; 
tires  that  are  not  properly  filled.  The  tire  should  contau 
enough  so  that  it  shows  but  little  change  in  form  when  the  ( 
standing  on  a  hard  surface  under  full  load,  and  even  under 
conditions  it  will  be  found  that  the  tire  is  compressed  conside 
when  the  car  is  in  action. 

The  Cord  Tire. — A  method  of  tire  construction  that  is  b 
ing  popular  because  of  its  easy  riding  qualities  is  a  difficult 
to  repair  and  is  shown  at  Fig.  420.  Instead  of  layers  of  fabri 
main  portion  of  the  carcass,  or  casing,  is  composed  of  cores  y 
are  passed  around  small  wires  at  the  base  of  the  tire  and  whic 
wound  very  tightly  in  order  to  secure  intimate  contact  betwee 
various  layers  of  cord.  Sheet  rubber  is  placed  between  the 
layers  and  fabric  breaker  strips  are  placed  between  the  trea( 
the  cord  body  in  the  usual  manner.  When  the  tire  is  vulca 
the  spaces  between  the  layers  of  cord  become  filled  with  the 
ber,  and  the  whole  mass  is  firmly  bound  together.  The  wir« 
ject  into  the  bead  portion  of  the  tire  and  are  vulcanized  fira 
place.  Owing  to  the  construction  a  cord  tire  cannot  be  as 
repaired  as  the  fabric  type  because  it  requires  a  very  expert  k 
edge  of  cord  tire  construction  to  replace  injured  portions  du< 
blowout.  As.  we  shall  see,  the  fabric  tire  may  be  restored  t 
ciency  by  cutting  out  layers  of  the  defective  fabric  and  vulcai 
new  layers  in  their  place.  This  is  not  a  difficult  operation,  wl 
replacing  the  defective  cords  calls  for  a  degree  of  skill  not  ui 
possessed  by  the  tire  repairman. 

Rims  for  Pneumatic  Tires. — An  expert  has  stated  that 
are  at  least  forty  different  types  of  tire  retaining  rims  that 
received  general  application  and  that  these  require  at  least 
teen  different  sections  of  wood  wheel  felloes.  Besides  the  vj 
well  known  and  popular  rims  a  number  have  been  designe<] 
are  more  or  less  compWeaYeA.  «lv\^  ^\v\r\v  ^t^  ^d  to  possess  vi 
desirable  features  by  ftveVc  m%iiul%.^\x«^T^  ^^^SXna^  «fc 
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Fig.  418. — Standard  Olinclier  Tire  and  Bim  Dimensions. 

itive  groups  into  which  the  various  rims  manufactured  to-day 
be  classified.  These  are :  1.  One  piece  clincher.  2.  Quick  de- 
sible  clincher.  3.  Quick  detachable  straight  side.  4.  Quick  de- 
nble  universal.  5.  Demountable.  6.  Demountable  detachable, 
distinction  between  the  two  last  classes  is  that  there  are  a  large 
ber  of  demountable  rims  which  have  to  be  taken  off  of  the 
d  before  the  tire  can  be  removed.  There  are  others  that  not 
have  the  demountable  feature  but  from  which  the  tire  can  be 
yved  while  the  rim  remains  on  the  wheel. 
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The  one  piece  clincher  rim  with  its  principal  dimensioi 
various  tire  sizes  is  shown  at  Fig.  418.  This  rim  is  made  ir 
piece  and  not  cut  in  any  direction.  It  is  adapted  only  for  Mst 
tires  having  soft  extensible  beads  which  can  be  pried  or  liftec 
the  edges  of  the  rim.  There  is  only  one  type  of  clincher  ri 
the  market  but  at  the  present  time  its  use  is  confined  to  smal 
medium  weight  cars  as  too  much  effort  is  needed  to  install 
size  tires  on  rims  of  this  form.  There  are  many  types  of  qui( 
tachable  clincher  rims  which  have  been  designed  to  make  pc 
quick  application  of  clincher  tires  which  are  well  thought 
account  of  the  holding  power  of  the  tire  beads.  These  rin 
invariably  composed  of  two  or  three  parts,  consisting  first 
rim  base  with  an  integral  inside  clinch,  or  separate  inside  ei 
clincher  ring  and  a  separate  outside  clincher  ring  which  is 
so  that  it  may  open  with  some  fastening  device  for  holdin 
ends  in  i)lace  or  it  may  be  made  endless  with  an  open  lock  r 
hold  it  in  position. 

Examples  of  the  most  popular  form  of  quick  detachable  eli 
rim  are  shown  at  Fig.  419.  The  form  shown  at  1-B  is  a  type 
has  a  base,  two  endless  clincher  side  rings  and  an  open  em 
ring  which  may  be  snapped  out  of  its  seat,  and  permit  t 
moval  of  the  outside  clincher  ring  and  then  the  tire  if  it  co 
no  air  pressure.  The  rim  shown  at  2-B  has  the  inside  clin 
tegral  with  the  rim  base,  the  outside  clincher  ring  and  th 
ring  being  similar  in  action  to  those  of  1-B  though  differ 
design.  The  rims  shown  at  3-B  and  4-B  are  similar  to  rii 
except  that  the  outside  clincher  ring  is  open  ended  having 
chanical  lock  for  the  ends  of  the  ring.  Rim  5-B  has  an  ope 
outside  clincher  ring  with  an  angle  of  the  retaining  groove 
rim  base  of  such  form  that  the  inflation  of  the  tire  causes  it  1 
home  more  firmly  so  that  no  locking  device  is  necessary. 

Forms  of  quick  detachable  straight  side  rims  are  shown  i 
same  illustration,  these  being  very  similar  in  construction  to 
previously  described  except  that  the  retaining  rings  are  made 
straight  side  tires  instead  of  clincher  tires.  The  straight  sid< 
Mhich  was  originated  by  Dunlop,  has  a  bead  devoid  of  any  c 
iDg  arrangement  \\\OMg\v  \\v^\i^^^\^TL<A=  ^3^^?ds5^^  ^&>N.V^s^\ 
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iano  wire  rings  firmly  vulcanized  in  the  base  portion  to 
lueh  extension.  The  retaining  means  in  the  rim  shown  at 
A  inclusive  are  practically  the  same  as  those  outlined  from 
-B  inclusive.     A  number  of  combination  rims  has  been 
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. — Sectional  Views,  Showing  Construction  of  Quick  DetachaUe 
Bims  that  Have  Beceiyed  Practical  Application. 

vhich  can  be  adapted  to  take  either  straight  side  or  quick 
le  clincher  by  merely  reversing  the  retaining  rings  which 
tction  adapted  for  retaining  either  the  clincher  bead  or  the 
ride  form.  These  are  shown  at  Figs.  1-C  to  3-C,  inclusive. 
iples  of  quick  detachable  demountable  rims  are  shown  at 
.  A.    Aa  will  be  observed  these  are  rims  of  the  simpler 
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form  having  tapering  flanges  on  the  base  hy  which  they 
to  the  wheel  felloe  by  suitable  wedge  rings  or  clamp  nu 
mountable  rims  are  shown  at  B.  These  are  adapted  to  re* 
standard  clincher  rings  as  shown  in  the  upper  portion  o 
lustration  or  the  one  piece  straight  side  Dunlop  rim  as  s 
the  lower  part  of  the  illustration.  As  will  be  apparent 
are  held  in  place  hy  a  series  of  wedges  which  are  force' 
space  between  the  tire  carrying  rim  and  that  attached  to  t 
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Fig.  420. — SecttoDftl  View,  Sbowlng  Amngsmant  of  Ooids  tlist 
the  Fkbrlc  Oaicau  In  the  Palmer  Syvtem  Oord  Tlra  Comtra 

felloe.  A  form  of  tire  retaining  rim  that  was  formerly  \ 
nlar  is  shown  at  Fig.  422,  A.  This  is  known  as  the  Fisk  E 
type  and  could  only  be  used  in  connection  with  a  tire 
base  of  the  form  shown  in  the  illustration.  The  tire  was 
held  to  the  steel  rim  by  means  of  retaining  rings  wh 
clamped  firmly  in  place  by  bolts  carrying  specially  formed 
designed  to  clamp  over  the  edge  of  the  retaining  ring  ai 
that  of  the  rim.  When  it  was  desired  to  remove  the  i 
special  tools  shown  at  Fig.  422,  B,  were  needed.  The  apecii 
ing  member  was  used  to  squeeze  the  rings  closely  together 
mit  screwing  up  the  retention  iwte  ■witb.  the  special  socke 
provided  for  the  purpose.  'V^YieB.'iift  T^aaKa«t\(^»».>>:^ 
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I  all  the  way  around  the  tire  the  rings  could  be  -n-ithdrawu 
!  tire  easily  pulled  off  of  the  flat  rim.  "When  the  tires  were 
d  the  elamping  member  came  in  handy  to  squeeze  the  rings 
3  portions  of  the  tire  base  closely  enough  together  so  the 
uld  be  caught  on  the  end  of  the  bolts. 
Goodrich  quick  detachable  rim  and  the  special  tool  needed 
manipulation  are  shown  at  C.  The  feature  is  in  the  shape  of 
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ring  slot  in  the  rim  attached  to  the  wheel  felloe.  The  open 
king  rim  carries  tongues  which  fit  into  the  slot  and  which 

sprung  into  place  to  securely  lock  the  rim.  The  tool  shown 
ided  to  facilitate  bringing  the  end  of  the  locking  rings  to- 
in  order  to  spring  the  tongues  into  the  locking  grooves.    The 

the  ends  of  the  levers  fit  suitable  pin  holes  in  the  locking 
p.  "When  it  is  desired  to  remove  the  ring  one  of  the  tongues 
I  out  of  its  locking  groove  and  then  pulled  away  from  the 
all  points.    After  the  ring  has  been  partially  detached  it  is 
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difficult  to  remove  the  remaining  tongue  from  the  wheel  felloe 
When  replacing  this  locking  ring,  the  first  step  is  to  catch 
tongue  on  one  end  of  the  ring  under  the  wheel  felloe  rim  by 
rting  it  in  the  notch  nearest  the  edges  of  the  rim.  The  ring  is 
forced  in  place  all  around  and  finally  locked  by  bringing  the 
aining  tongue  in  the  groove  nearest  the  center  of  the  wheel  and 
I  springing  that  in  place  over  the  projecting  portion  near  the 
e  of  the  rim.  The  method  of  installing  a  straight  side  tire  when 
m  of  the  form  shown  at  Fig.  419,  1-A,  is  used  is  clearly  shown  at 
.  422,  D  and  E.  The  section  at  D  shows  the  method  of  install- 
the  spreader  member  at  the  base  of  the  valve  properly  while 
general  application  of  the  locking  ring  may  be  clearly  ascer- 
ed  at  E. 

Pools  for  Tire  Repairs. — It  is  necessary  in  all  cars  using  pneu- 
ic  tires  to  carry  a  certain  amount  of  equipment  for  handling 
repairing  these  on  the  road.  A  typical  outfit  is  shown  at  Fig. 
this  supplementing  two  spare  outer  casings,  and  two  or  more 
i  inner  tubes  for  replacement  purposes.  Included  in  the  re- 
outfit  are  a  blowout  sleeve,  a  number  of  patches,  and  an  acid- 
vulcanizing  outfit  for  applying  them.  Tire  irons  are  provided 
?move  the  casing  from  the  rim;  the  jack  is  used  to  raise  the 
J  of  the  vehicle  on  which  the  defective  tire  is  installed  from  the 
nd  and  make  it  possible  to  remove  the  tire  completely  from 
«rheel.  The  air  pump  is  needed  to  inflate  the  repaired  tube  or 
lew  member  inserted  to  take  its  place.  Talcum  powder  is  pro- 
i  to  sprinkle  between  the  casing  and  the  tube  to  prevent  chaf- 
JT  heating,  while  the  spare  valves  and  valve  tool  will  be  found 
al  in  event  of  damage  to  that  important  component  of  the  in- 
tube.  As  it  is  desirable  to  inflate  the  tires  to  a  certain  definite 
sure,  a  small  gauge  which  will  show  the  amount  of  compression 
le  tire  is  useful. 

Phe  outfit  shown  may  be  supplemented  by  other  forms  of  vul- 
zing  sets  and  by  special  tire  irons  to  make  for  easier  removal 
be  outer  casing.  Tire  irons  vary  in  design,  and  most  makers 
ires  provide  levers  for  manipulating  the  casings,  which  diflfer 
ome  extent.  A  set  of  tire  irons  such  as  would  be  needed  with 
ineher  tire  equipment  could  be  selected  from  the  forms  shown 
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"t  Fig.  423.  That  shown  near  the  gauge  is  utilized  to  loosen  the 
lincher  bead  from  under  the  rim  should  it  become  rusted  in  place, 
kf ter  the  shoe  has  been  loosened  from  the  rim  flange,  levers  of  the 
orm  shown  below  it  would  be  inserted  under  the  bead  in  order 
o  lift  it  over  the  rim.  Two  or  more  of  these  levers  are  necessary, 
he  long  ones  being  more  easily  operated  than  the  short  ones.  The 
angth  of  the  lever  provided  will  depend  entirely  upon  the  size  of 
lie  tire  to  be  removed.  JMotorists,  as  a  rule,  should  carry  one  of 
he  releasing  levers  shown,  two  of  the  short  members  depicted  and 
me  longer  lever.  The  latter  may  be  a  combination  form  which 
mn  be  used  as  a  jack  handle  as  well  as  a  tire  iron,  and  then  it  is 
LOt  necessary  to  carry  a  jack  handle  in  the  equipment.  The  flat- 
ened  ends  are  generally  employed  for  prying  the  bead  from  the 
lincher  rim,  and  when  this  has  been  done  and  sufficient  space 
xists  between  the  bead  and  the  rim  to  insert  the  curved  end  of  the 
BTge  levers,  considerable  leverage  is  obtained  and  the  bead  may  be 
ifted  over  the  clincher  rim  without  undue  exertion.  The  object 
i  rounding  the  corners,  and  of  making  the  working  portions  as 
•road  as  possible  is  to  reduce  the  liability  of  pinching  the  inner 
nbe,  which  would  be  present  if  the  irons  had  sharp  edges. 

The  tire  repair  material  is  sometimes  carried  in  a  special  case, 
s  shown  at  top  of  Fig.  423,  this  consisting  of  all  parts  necessary 
a  make  temporary  repairs  to  be  considered  in  proper  sequence. 
Iiis  outfit  is  sometimes  supplemented  by  other  special  tools.  A 
nife  is  needed  to  cut  the  rubber,  trim  patches,  etc.  The  stitcher 
nd  roller  are  useful  in  rolling  the  patch  after  it  has  been  cemented 
^  the  tire  to  insure  adhesion  of  the  patch  firmly  against  the  dam- 
ged  portion  of  the  tube  while  the  cement  is  drying.  Some  motor- 
its  carry  a  small  fiame  heated  vulcanizer  in  order  to  effect  more 
crmanent  repairs  than  would  be  possible  with  the  simple  patch- 
ag  processes  in  which  only  the  adhesive  powers  of  dry  cement  are 
bailable. 

Portable  Air  Oompressor. — Some  Locomobile  cars  are  equipped 
rith  a  single  cylinder  air  compressor,  having  a  bore  of  2y^  inches, 
Kid  a  stroke  of  2yi  inches,  which  may  be  considered  typical  of  such 
devices  which  are  often  included  on  recent  models  of  leading  cars, 
fc  is  mounted  on  an  extension  of  the  front  end  of  the  transmissir~ 
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Qtershaft,  and  driven  by  means  of  jaw  clutches,  which  can  be 
>wii  in  and  out  of  engagement  by  a  T  handle  located  on  the 
side  of  the  car,  and  reached  by  opening  a  door  in  the  running- 
pd  side  shield.  By  drawing  handle  outward  about  %6  of  an 
1,  advancing  one  notch  to  the  left  in  a  serrated  segment  and  re- 
ing,  jaw  clutches  are  interlocked  and  pump  is  ready  for  use. 
is  drawn  into  the  cylinder  through  holes  drilled  around  same 
>w  radiating  fins.  Foreign  matter  is  excluded  by  means  of  a 
ovable  screen.  On  the  upper  stroke  of  the  piston  the  air  is 
;ed  out  of  the  cylinder  by  unseating  a  flat  valve  into  a  small 
k  placed  at  the  right  of  the  air  compressor,  and  mounted  in 
it  of  the  transmission  carrying  channel.  The  purpose  of  this 
k  is  to  overcome  the  pulsation  of  the  pump  only  and  not  to  act 
I  reservoir. 

By  means  of  a  two-way  fitting  air  is  drawn  out  of  the  tank 
3Ugh  a  delivery  tube  leading  to  a  fitting  which  projects  through 
left  side  member  of  the  frame  adjacent  to  the  T  handle  men- 
led  above.  One  end  of  the  tire  hose  is  screwed  on  to  this  fitting 
»n  tires  are  to  be  inflated.  The  location  of  the  two-way  fitting 
the  tank  is  such  that  any  sediment  or  oil  falls  to  the  bottom  of 
tank,  and  is  not  drawn  out  through  the  delivery  tube.  With 
motor  running  at  normal  speed  the  air  compressor  will  inflate 
7x5  inch  tire  to  90  pounds  pressure  in  about  two  minutes. 
;ry  2000  miles,  or  oftener  if  the  compressor  has  been  used  fre- 
ntly,  the  oil  in  the  crank  case  should  be  replaced.  The  crank 
J  is  drained  by  removing  a  plug  located  on  the  bottom.  To  fill, 
lOve  both  the  large  and  small  plugs  on  the  left  hand  side,  and 
:r  oil  through  the  larger  hole  until  it  overflows  through  the 
til  hole.  In  case  the  oil  which  was  removed  seems  especially 
ty,  fill  the  crank  case  with  kerosene  and  drain  before  putting  in 
r  oil.  This  compressor  is  clearly  shown  in  Fig.  425. 
Tire  DCanipulation  Hints.— In  removing  or  replacing  outer  cas- 
3,  considerable  care  must  be  exercised  not  to  injure  the  shoe  or 
eh  the  inner  tube.  The  first  step  is  to  jack  up  the  wheel  from 
eh  the  defective  tire  is  to  be  removed,  thus  relieving  the  wheel 
:he  car  weight.  The  valve  inside  is  then  unscrewed  in  order  to 
•w  any  air  that  may  remain  in  the  tube  to  escape,  and  then  thft 
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lock  nuts  on  the  valve  stem  are  removed  so  that  this  membei 
be  lifted  to  release  the  clincher  beads  from  the  rim  channel 
the  tire  is  stiff  or  has  not  been  removed  for  some  time,  a  s 
iron  is  utilized  to  loosen  the  edges  and  the  beads  are  pushed 
of  the  clincher  rim. 


Casing 


Btad 
Raised 


Rim 


Bead  CUar 
of  Rim 


Fig.  426. — ^Defining  Manipulation  of  Olindier  Tires. 


AVlien  the  easing  has  been  loosened  on  one  side,  a  flat  t< 
shown  at  Fig.  426,  is  inserted  under  the  loose  bead  to  act  as 
or  lever  to  work  the  edge  of  the  casing  gradually  over  tlv 
Very  long  levers  are  necessary  to  handle  new  stiff  tires,  ar 
used  casings  are  particularly  hard  to  move.  The  shorter  iroD 
he  employed  on  shoes  v;\v\e\v  \v^\^  Vew  \ised  for  some  tim 
which  are  more  pliable  tYvau  \\v^  xl^^  ^^^"^^  "^^^  ^"iSiafcX^ 
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^nerally  used  together,  one  being  kept  under  the  loosened  edge 
>f  the  bead,  while  the  other  is  used  to  force  the  bead  over  the  edge  of 
he  rim.  When  the  outside  edge  of  the  bead  has  been  forced  over 
he  rim  at  all  points  the  inner  tube  is  lifted  from  the  rim  and  is 
>ulled  out  of  the  shoe.  The  start  at  removing  is  made  at  the  point 
liametrically  opposite  the  valve  stem.  When  this  portion  has  been 
)ulled  clear  of  the  rim  and  out  of  the  casing  it  is  not  difficult  to 
)ull  the  rest  of  the  tube  out  and  finally  lift  the  valve  stem  out  of 
he  hole  through  which  it  passes  in  the  wheel  felloe,  and  take  the 
nner  tube  entirely  oflf  the  wheel.  If  the  casing  demands  attention, 
)r  if  a  new  shoe  is  to  be  used,  the  inside  bead  is  worked  over  the 
shannel  of  the  clincher  rim  in  just  the  same  manner  as  was  done 
prith  the  outside  bead,  and  after  a  start  has  been  made  and  a  por- 
tion of  the  inside  bead  forced  over  the  rim  there  will  be  no  diffi- 
culty in  slipping  the  entire  shoe  from  the  wheel. 

Applying  a  tire  is  just  the  reverse  to  removing  one.  The  first 
operation  is  to  place  the  inner  bead  of  the  tire  in  place  in  the  center 
:>{  the  rim  by  forcing  it  over  the  outside  flange.  This  is  done  grad- 
ually, and  in  order  to  force  the  remaining  portion  of  the  shoe  it 
may  be  necessary  to  use  long  levers  when  the  greater  part  of  the 
:*asing  has  been  applied.  The  next  step  is  to  work  the  shoe  grad- 
jally  toward  the  inner  channel  of  the  rim,  then  to  insert  the  air 
tube.  The  inner  tube  is  replaced  after  it  has  been  partially  in- 
Sated  by  putting  the  valve  stem  in  first  and  then  inserting  the 
rest  of  the  tube,  being  careful  not  to  pinch  it  under  the  beads. 

After  the  inner  tube  has  been  put  in  place,  the  outer  bead  of 
±e  tire  is  worked  over  the  edge  of  the  rim  channel.  Care  must 
ye  exercised  to  insure  that  the  inner  tube  will  not  be  pinched  by 
:he  sharp  edges  of  the  tire  levers.  The  object  of  partially  inflating 
:he  inner  tube  is  to  distend  it  so  there  may  be  no  loose  or  flabby 
portions  that  are  liable  to  catch  under  the  tire  bead  when  this  is  be- 
.ng  forced  in  place  over  the  wheel  rim.  The  conventional  method  of 
inflating  tires  by  using  a  foot  pump  does  not  always  insure  that 
they  will  receive  adequate  inflation,  and  when  a  pump  is  employed 
ft  is  imperative  that  some  form  of  gauge  be  provided  that  will  regis- 
ter the  amount  of  pressure  inside  the  tire  in  order  that  it  will 
Nach  the  figure  recommended  by  the  tire  makers.    Different  me^^ 
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ods  of  tire  inflation  have  been  devised  which  eliminate  the  neetj 
sity  of  using  manually  operated  pumps.    Obviously  a  simple  ei-| 
pedient  would  be  to  provide  a  small  power-driven  pump  that  conlit 
be  actuated  by  any  convenient  mechanical  connection  with  the  » 
gine  or  a  spark  plug  pump.    Another  method  is  to  use  an  air  botfly 
which  is  a  steel  container  in  which  air  is  stored  under  great  pi» 
sure.    The  air  is  compressed  to  such  a  point  that  a  tank  less  tltfi 
two  feet  long  and  six  inches  in  diameter  will  furnish  sufficient  tf 
to  inflate  seven  or  eight  large  tires  or  twelve  small  ones.   The  tanb 
may  be  exchanged  at  small  cost  when  exhausted  for  new  containfli 
holding  a  fresh  supply  of  air.     In  some  tanks,  gases  of  Tark* 
kinds  under  high  pressure  are  used  and  the  motorist  may  obtfll 
these  on  the  same  basis  as  air  bottles  are  supplied. 

All  devices  of  this  character  are  fitted  with  gauges  to  indicill 
the  amount  of  pressure  in  the  tire,  and  to  prevent  overinflatiA 
If  a  tire  is  not  properly  inflated  the  shoe  will  be  liable  to  varioai 
kinds  of  road  damage  and  will  be  easily  punctured,  while  if  th 
pressure  is  too  high  the  shoe  is  liable  to  '* blow-out'*  at  any  wed^ 
point  in  the  structure,  A  tire-pressure  gauge  is  a  very  necessary 
article  of  equipment  in  any  car  and  its  proper  use  when  blowinj 
up  tires  will  insure  the  best  possible  results  if  the  schedule  recom- 
mended by  the  tire  manufacturers  is  adhered  to.  Three  inch  tiwi 
should  be  inflated  to  60  pounds,  and  three  and  one-half  inch  to  78 
pounds  pressure.  The  rule  is  approximately  20  pounds  for  eveiy 
inch  of  tire  width. 

Small  Vulcanizers. — A  number  of  portable  vulcanizers  designeJ 
for  the  use  of  the  motorist  so  that  tires  may  be  repaired  withorf 
removing  the  casing  from  the  wheels  if  surface  cuts  are  to  be  Ti 
canized  is  outlined  at  Fig.  427.  These  operate  on  three  diffewil 
principles,  some  depending  on  the  heating  effect  of  coils  conveyiaf 
an  electric  current,  vothers  upon  steam  produced  by  a  small  buintf, 
acting  upon  the  water  contained  in  the  casting  while  the  simp 
form  utilizes  dry  heat  produced  by  burning  gasoline  in  the 
canizer.  The  form  at  A  obtains  its  heating  property  from 
and  is  shown  clamped  in  place  to  seal  a  cut  in  the  casing. 
form  at  B  is  heated  by  electric  current  and  is  also  shown  dan] 
to  an  outer  casing.    The  form  at  C  derives  its  heat  from  the 
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)f  a  small  lamp  burning  alcoliol  or  gasoline  which  heats  water  con- 
aincd  in  the  hody  of  the  device.  This  has  two  faces,  one  flat  for 
ise  in  vulcanizing  patches  and  inner  tubes  as  shown,  while  thfl 
rthcr  is  curved  to  permit  it  to  make  repairs  on  outer  cas.\u:^.  TVv% 
orm  at  D  is  used  only  for  inner  tube  -woiV  anii  \>\ft  'Oi'si'CasA  '^ 
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action  may  be  readily  understood  by  referring  to  the  crogg  secte  I 
at  E.    The  heating  portion  consists  of  a  simple  casting  haTingiL^ 
number  of  projecting  fingers  which  are  heated  by  the  flamed  j^^ 
burning  gasoline.     A  definite  amount  of  fuel  is  poured  into  b  .1 
heater  and  ignited  and  after  this  has  burnt  itself  out  enough  ^\i 
will  have  been  imparted  to  the  casting  to  produce  satisfactory  vi  jl 
canization  of  the  rei)air  material  placed  in  the  defective  portion  d  ;| 
the  inner  tube.    These  small  vulcanizers  are  intended  primarily  is  | 
the  use  of  the  motorist  in  making  minor  repairs  and  are  not  practi- 
cal tools  for  the  tire  repair  shop,  though  they  may  be  used  to  A 
vantage  in  small  garages  where  no  attempt  is  made  to  carry  ci 
tire  repair  work  on  a  large  scale.     Under  these  conditions  they 
will  prove  practical  in  coping  with  the  various  emergency  repaio 
such  a  garage  may  be  called  upon  to  perform. 

Shop  Vulcanizing  Equipment. — There  is  considerable  difference 
l>otween  the  vulcanizing  equipment  intended  for  the  use  of  the 
average  motorist  or  small  repair  shop  and  that  intended  for  com- 
mercial work.  Whereas  the  small  vulcanizers  are  usually  intended 
for  curing  but  one  tube  patch  or  casing  patch  at  a  time  the  large 
ones  have  provision  for  treating  a  number  of  tubes  and  casings  at 
one  heat  simultaneously.  Practically  all  of  the  commercial  Mil- 
canizers  operate  by  steam.  This  is  generated  in  a  small  boiler  and 
is  led  to  the  various  molds  and  plates  for  curing  the  inner  tubes. 
A  steam  gauge  is  provided  as  the  temperature  of  the  steam  may  be 
readily  determined  by  its  pressure  and  in  some  cases  a  safety  or 
blow  off  valve  is  ])rovided  to  prevent  the  generation  of  too  much 
steam. 

A  typical  vulcanizing  outfit  having  a  capacity  for  curing  three   ' 
inner  tubes  and  two  casing  sections  is  shown  at  Fig.  428.    The 
tubes  are  cured  on  a  flat  plate  which  is  at  the  top  of  the  boiler   J 
while  tJie  steam  for  curing  the  casings  is  led  to  the  hollow  mold   ^ 
carried  by  the  table.    A  gas  l)nrner  is  provided  to  produce  the  heat 
necessary  for  turning  tlie  water  contained  into  the  boiler  to  steam. 
Valves  are  placed  in  the  various  steam  lines  in  order  that  the  flow 
may  be  controlled.    A  group  of  vulcanizers  of  various  patterns  is 
shown  at  Fig.  429.    The  fe^lwre  cyt  l\v^  SKaler  automatic  plant  J 
^hovrn  at  A  is  a  mac\\meA  ^vvtl^ie^  ^:  t.  "^  \as3BSA  ^^ri^^  -«^x^  ^ 
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C2«inize  six  tubes  as  easily  as  one.  It  can  be  heated  independent 
e»l  the  casing  attachment  or  used  simultaneously  with  it.  In  t 
■^ruleanizing  outfit  shown  at  Pig,  428,  pressure  is  applied  to  t 
jpatch  by  means  of  coil  springs,  whereas  in  the  Shaler,  the  pressu 
"to  secure  intimate  adhesion  is  applied  to  the  tubes  by  means 
^swivel  clamps  which  produce  a  uniform  pressure  on  every  part 
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Fig.  428. — ^Typlcitl  Sbop  Tulckolxer. 


the  patch.  With  this  outfit  the  method  of  making  blowout  repai 
is  by  curing  from  the  inside  T^'ith  the  inside  casing  mandrel  ai 
from  the  outside  with  the  casing  tread  form  simultaneously.  I 
stead  of  cutting  away  a  quantity  of  rubber  and  fabric,  a  ree 
forcement  of  heavy  fabric  is  built  up  inside  of  the  casing  ai 
the  holes  through  the  rubber  are  filled  m\W  v^'^*  Vm%.  ^eo.'kv,  "^ 
AoiJer  18  a  copper  coil  heated  by  a  powerltt\  %ttao\\Dft  Vcwvirt  -^ 
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raises  steam  to  the  vulcanizing  pressure  from  cold  water  in  fif- 
:een  or  twenty  minutes.  A  thermostatically  controlled  damper 
naintains  the  pressure  and  temperature  of  the  steam  at  the  correct 
'ulcanizing  point  automatically.  The  ** Radium"  outfit  which  is 
hewn  at  Fig.  429,  B,  is  provided  with  two  tube  blocks  and  two 
asing  blocks,  these  coming  from  a  globe  fitting  carried  at  the  end 
f  the  steam  pipe  leading  from  the  boiler.  In  the  Miller  garage 
iilcanizer  which  is  shown  at  Fig.  429,  C,  the  casing  mold  is  com- 
ined  with  the  small  boiler  while  the  tube  plate  which  has  provi- 
ion  for  vulcanizing  four  tubes  at  a  time  is  mounted  above  the 
asing  mold.  Attention  is  directed  to  the  accessories,  these  in- 
Inding  the  steam  gauge  at  one  end  of  the  tube  plate,  the  safety 
K)p  valve  at  the  other  and  the  water  glass  to  indicate  the  correct 
evel  of  water  at  the  front  of  the  combined  boiler  and  casing  mold. 

The  outfit  shown  at  Fig.  430  is  of  Haywood  design,  and  is 
mown  as  the  **Hoosier"  plant.  It  is  not  intended  for  retreading 
«rork  but  for  sectional  and  inner  tube  repairs.  It  is  a  compactly 
built  equipment  with  a  boiler  containing  two  vertical  fire  flues 
2apped  with  a  baffle  plate  to  hold  the  heat  down.  A  steam  conduct- 
ing  pipe  leads  from  the  boiler  to  the  steam  dome,  this  having  four 
Dutlets  which  lead  to  the  several  molds.  All  molds  are  of  a  shape 
that  is  self-drained  and  condensation  returns  back  through  the 
iteam  supply  pipe.  It  is  said  that  this  plant  will  cure  all  types 
Df  clings  ranging  in  size  from  2^  to  5^ -inches,  that  it  will  cure  a 
Diowout  up  to  15  inches  in  length  and  will  even  cure  a  tire  cut 
Prom  bead  to  bead.  The  tube  vulcanizing  plate  is  of  ample  size 
ind  will  cure  three  or  four  inner  tubes  at  one  time. 

The  various  types  of  molds  and  the  method  of  using  them  are 
dearly  shown  at  Fig.  430,  these  being  intended  for  use  with  the 
mlcanizing  plant  depicted  at  the  left  of  the  illustration.  As  will 
>e  apparent  the  mold  proper  consists  of  a  hollow  casting  shaped 
0  conform  to  the  tread  of  the  tires  it  is  to  fit  at  the  bottom  and 
laving  smoothly  planed  side  walls  to  insure  a  correct  fit  of  the  bead 
adds  as  the  fit  determines  the  amount  of  lieat  conduction  and  the 
aceessful  curing  of  the  entire  injured  section  of  the  casing.  The 
lold  is  shown  at  1  while  the  arrangement  of  the  mold  bead  form 
od  clamp  is  clearly  outlined  at  2.    Bead  molds  are  made  in  variQu& 


|.;illi'iii--.  lll(.^s^■  at  If  iiiiil  7  Ix'iiijj  iiH.-ii.ln!  {«r  sti-iiidil  <.:.1>-  I 
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Trer  portion  of  the  illustration.  This  is  practically  a  short  sec- 
vn  of  heavy  wall  inner  tube  provided  with  an  inflating  tube  and 
Blve  in  order  that  it  may  be  blown  up  when  placed  inside  of  the 
asing  to  press  the  sides  of  the  casing  firmly  against  the  heated 
rails  of  the  mold.  The  mold  is  heated  by  the  steam  circulating 
hrough  the  hollow  interior  while  the  bead  molds  are  raised  in 
emperatiire  because  they  are  in  contact  with  the  heated  walls, 
"he  clamp  serves  to  keep  all  parts  in  secure  ei^agement  and  makes 


Fig.  431.— Some  Vseful  AccesBorles  for  Uie  Tire  Eepalr  Sbop. 

or  uniform  heating  as  well  as  providing  a  degree  of  pressure  which 
i  very  desirable  in  vulcanizing. 

In  some  cases  the  vulcanizing  molds  are  placed  on  a  large  table 
iid  the  steam  is  obtained  from  a  boiler  of  larger  capacity  than 
hose  ordinarily  supplied  with  the  vulcaniz<^rs  previously  described. 
n  u  large  shop  where  much  tire  repairing  is  done  the  small  ^"ul- 
anizcrs  will  not  liave  sufficient  capacity  so  a  large  number  of  molds 
ind  tube  vulcanizing  plates  are  arranged  so  they  may  be  supplied 
i-ith  steam  from  a  large  separate  boiler.  This  is  coal  fired  foe  H\a 
tost  part  and  as  will  be  evident  by  reierring  \,o  Y\%,  VSV,  K,SS.\.Oi 
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Iowa  the  conventional  design  of  the  vertical  fire  tube  boiler 
in  making  steam  for  engines  and  heating  purposes.  Tlier 
number  of  supplies  that  can  be  included  in  the  shop's  equipn 
facilitate  the  repair  processes.  Where  much  tire  repairing  i 
the  grinder  and  countershaft  shown  at  Fig.  431,  B,  will  be 
valuable  because 


ease  with  which 
rubber  may  be  g 
off  of  a  casing 
also  because  of  t 
vantage  obtaint 
roughening  the  i 
and  fabric  with  ■. 
scratch  brush  as 
at  D  in  order 
move  all  dirt,  i 
etc.,  and  make  fo 
tive  adhesion  of  1 
meat.  The  tin 
shown  at  C  is  int 
to  be  attached  i 
work-bench  by  i 
iron  pipe  suppoi 
working  on  casir 
it  provides  a  . 
resting  place 
stripping  down 
of  fabric  in  n 
sectional  or  oth. 
pairs.  Some  sj'st> 
method  is  necessary  fo  take  care  of  the  material  in  process  of  i 
A  ^mplc  tire  rack  for  holding  casings  is  shown  at  Fig.  432. 
is  vary  easily  made,  and  obviously  the  design  may  be  variec 
tliat  sliou'n  to  provide  accommodations  for  inner  tubes  as  i 
casipps,  the  basis  of  the  stand  of  rack  consists  of  standan 
pipes  attached  to  the  floor  and  ceiling,  the  tires  being  suppor 
iiooden  strips  attached  to  brackets  clamped  to  the  iron  pipe 


Fig.  432. — An  Easily  OonstnicMd  Tire  Back. 
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brackets  are  simple  eastings  and  may  be  moved  up  and  down  to 
accommodate  different  size  casings  by  releasing  the  clamping  screws, 
ind  they  are  easily  locked  in  position  at  any  desired  point  on  the 
>ipe  by  tightening  the  clamping  screws. 

Materials  Employed  in  Tire  Work.— The  stocks  and  com- 
>ound8  commonly  used  in  tire  repair  work  are  many  and  as  is  true 
►f  other  forms  of  construction,  none  but  the  best  should  be  em- 
ployed. Many  tire  repairmen  use  cheaper  grades  of  stock  because 
he  margin  of  profit  is  larger,  but  this  is  poor  policy,  and  any  one 
?ho  wishes  to  establish  a  business  will  find  that  only  the  best  se- 
eded material  should  be  employed.  If  this  is  bought  from  repu- 
able  makers,  at  a  fair  price,  there  can  be  no  question  as  to  quality. 
3over  stocks  are  used  for  retreading  and  padding,  and  vary  in 
!omposition  and  gauge  from  %4  to  3/32-inch  thickness  to  meet  dif- 
ferent requirements.  Some  retreading  stock  is  in  the  form  of 
Jiin  sheeting,  other  forms,  known  as  *'camelback,"  are  calendered 
Jiick  in  the  center  so  tliat  it  answers  the  same  purpose  as  though 
Hfveral  layers  of  the  regular  retreading  stock  were  used.  **  Inside 
satchiug"  is  a  rubber  stock  cured  on  one  side  and  uncured  on  the 
Mther,  made  especially  for  repairing  tire  tubes.  Frictioned  fabric 
s  a  textile  product  of  high  grade  long  fiber  cotton,  impregnated 
^th  rubber  composition,  wliile  rebuilding  fabric  is  frictioned  ma- 
€rial  having  a  skim  coat  of  pure  gum  in  addition.  **  Bareback '* 
^abric  is  material  frictioned  on  one  side  only,  while  breaker  strips 
1X8  narrow  widths  of  frictioned  fabric  in  various  sizes,  ready  for 
application  to  tires  without  cutting,  save  for  length. 

When  an  inner  tube  is  blown  out  badly  it  is  necessary  to  cut 
*  at  that  point  and  use  what  is  called  a  tube  splice,  this  being  made 
*ith  a  short  piece  of  tubing  with  each  end  tapered  that  joins  the 
Olds  of  the  ruptured  tube.  Cements  vary  widely  but  should  al- 
ways be  similar  in  composition  to  the  rubber  upon  which  they  are 
^  be  used,  as  to  make  a  good  joint  by  the  vulcanizing  process  the 
dement  should  contain  the  same  percentage  of  sulphur.  This  is 
loiother  condition  in  which  the  experienced  man  scores,  as  if  care 
m  not  taken  in  the  selection  of  the  cement,  very  unsatisfactory  re- 
Ittlts  are  obtained  in  vulcanizing.  Most  rubber  cements  consist  of 
fenre  Para  rubber  dissolved  in  naphtha  or  other  aol\^Tv\.,\,o  ^\{\OclV 
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added  other  substances,  such  as  shellac  as  thickeners,  or  variooa 
specific  driers  to  make  the  cement  dry  quicker.  Where  tenacih'  il 
specially  desirable,  other  gums,  such  as  mastic  and  gumlac,  m 
used.  So  many  excellent  cements  on  the  market  have  been  tried 
and  tested  that  the  repairman  would  be  unwise  attempting  to  com- 
pound his  own,  especially  when  these  can  be  purchased  as  cheap, 
if  not  cheaper  than  the  raw  materials  and  made  on  the  premises 
The  results  are  more  uniform  with  commercial  cements. 

Many  motorists  cannot  understand  why  tire  repairing  is  a  somfr 
what  costly  process,  but  it  will  be  evident  that  great  care  is  nec» 
sary  at  every  stage,  from  preparing  the  tire  and  applying  tlw 
fabric  and  rubber,  to  the  final  curing,  and  that  a  certain  knowledp 
is  necessary  which  can  only  be  gained  by  experience.  Then  Uk 
materials  employed  are  costly,  the  retreading  stock  costing  aboni 
$1.50  a  pound  for  a  product  of  the  best  quality,  while  frictioned 
fabric  such  as  is  used  in  rebuilding,  costs  about  $2.50  the  squan 
yard.  There  is  considerable  hard  work  needed  and  experienced 
men  command  good  salaries.  Then  the  repairman  must  stad 
back  of  his  work  and  often  loses  money  in  endeavoring  to  pleaa 
customers  by  making  gratuitous  repairs  upon  tire  failures  whid 
were  due  to  the  motorist's  abuse,  and  not  that  the  work  is  faulty 
The  pictures  and  drawings  illustrating  the  subject  are  pertineri 
and  will  serve  to  make  clear  some  of  the  processes  and  apparatn 
necessary  in  tire  repairing. 

Proportioned  Repair  Stocks. — In  buying  repair  material,  i 
certain  amount  is  to  be  invested,  and  this  should  be  for  a  propeHj 
proportioned  stock.  To  get  too  much  of  one  thing  and  not  enougl 
of  another  is  vexing  and  discouraging  to  the  man  making  a  start 
It  is  to  overcome  this  drawback  that  supply  houses  oflfer  certaii 
assortments,  consisting  of  the  right  kinds  and  the  right  quality  d 
stock.  The  assortment  mentioned  below  is  merely  suggestive.  Thi 
price  quoted  on  each  kind  of  material  aws  the  market  price  at  tht 
time  tliis  book  was  printed.  Prices  vary  slightly  from  time  (• 
time,  and  a  change,  therefore  results  in  the  amount  of  each  gnA 
to  be  shipped.  The  recommendation  is  made  by  the  Haywood  TM 
and  Equipment  Company  of  Indianapolis,  Ind.  I 
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ASSORTMENT    A— $100.00 

30  lbs.  AA  tread  stock  $0.75  $22.50 

20  lbs.  AD  building  fabric 1.00  20.00 

10  lbs.  AS  single  friction 90  9.00 

5  lbs.  MC  cuBhion  stock  1.20  6.00 

5  lbs.  AB  breaker 1.00  6.00 

3  lbs.  MT  tube  stock  1.20  3.60 

6  gals.  SLC  cement 1.90  9.50 

20  lbs.  soap-stone 05  1.00 

1  doz.  No.  1  Valve  bases 1.50 

1  doz.  No.  2  Valve  bases 1.90 

100  Air  checks 2.65 

100  Valve  caps    2.00 

1       doz.  777  Valves   3,50 

%     doz.  725  Valves   1.85 

2 — 3"       Tube  sections 50  1.00 

4— ^Vj"  Tube  sections 60  2.40 

5 — 4"       Tube  sections 75  3.75 

2 — 4U"  Tube  sections 90  1.80 

1 — 5"       Tube  section  1.05 


$100.00 


A  much  smaller  outfit,  suitable  for  the  individual  owner  or 
nail  repair  shop  follows : 

ASSORTMENT    E— $5.25 

2  lbs.  Tube  stock    $1.20  $2.40 

1  lb.  Tread  stock   75  .75 

%  lb.  Cushion  stock 1.20  .60 

1  qt.  Cement    70 

1  Can  soap-stone 20 

1  doz.  Air  checks 35 

1  doz.  Valve  caps  25 


$5.25 


How  Tires  Are  Often  Abused. — In  many  instances  tires  have 
^^,1^  received  by  repairers  which  show  such  wear  at  the  sides  that 
■*  canvas  layers  are  exposed,  w^hich  is  due  to  three  causes,  all  of 
Siieh  may  be  directly  traced  to  abuse  by  the  driver  of  the  car  tr 
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which  they  were  fitted.  This  wear  may  be  caused  by  ( 
against  the  curbstones,  in  car  tracks  and  with  the  tires  d 
In  driving  many  motorists  come  up  too  close  to  the  curb,  i 
friction  at  the  side  of  the  cover  naturally  causes  it  to  wear 
side,  so  that  sooner  or  later  the  canvas  layers  are  exposed 
usage,  if  continued,  weakens  the  shoe  and  a  blowout  will 

If   one   drives 

tracks  the  side 

tread  will  wear  < 

sides,  as  with  tb 

construction  th< 

in  many  cities  ' 

a    space    betwe 

rail  and  the  pa 

which  the  tire 

forced,    and   tl 

tion  will   causj 

wearing  of  the 

at    the    side 

tread. 

Other  reas< 
wearing  the  s 
the  cover  are  t: 
to  deflated  tii 
the  case  of  i 
driven  car  th< 
edges  of  the  clincher  rim  may  cut  into  the  casing,  this  wearii 
known  as  rim  cutting,  being  produced  by  the  concentratioi 
entire  weight  of  that  quarter  of  the  car  upon  the  edges  of 
channel.  Wearing  by  the  chain  of  a  side  chain  driven  car 
ble,  if  the  tire  is  not  properly  inflated.  It  is  evident  t 
weight  will  depress  tlie  tires  and  if  there  is  not  sufficient  air 
it  cannot  resume  the  rounded  contour  under  which  condi 
clears  the  chains,  and  when  flattened  the  sharp  edges  of  i 
side  retaining  rivets  will  shear  oflE  the  rubber  very  qoicklj 
Another  condition  in  which  many  motorists  are  negl 
keeping  their  tires  clean  and  free  from  oil  and  grease,  £c 


Fig.  433. — Sectional  View  of  Pneumatic  Tire, 
Showing  the  Defective  Conditions  Which 
Demand  Attention. 
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r  is  perfectly  waterproof,  it  is  easily  affected  by  oils  and 
acids,  which  act  as  solvents,  and  if  exposed  to  their  action 
ly  length  of  time  it  will  soften  and  disintegrate.  The  first 
of  decomposition  show  only  when  it  is  too  late,  that  is,  when 
re  is  beyond  repair,  and  unfortunately  there  is  a  tendency 
ribute  this  to  an  inferior  quality  of  rubber,  whereas  it  is 
irectly  to  the  solvent  action  of  the  oil,  and  the  purer  the  rub- 
le more  rapid  the  chemical  action.  In  many  types  of  live 
ixles  the  oil  will  leak  from  the  housings  and  get  upon  the 
Often  the  motorist  will  let  his  car  stand  for  days  at  a  time 
30ol  of  oil  on  the  floor  of  the  garage  or  motor  house.  Oil 
I  be  immediately  washed  oflf  of  any  of  the  rubber  parts  with 
ae  or  naphtha.  The  importance  of  keeping  either  oil  or  water 
from  rubber  cannot  be  too  firmly  impressed  upon  the  man 
rishes  to  obtain  maximum  service  at  minimum  expense  from 
es. 

hy  a  Tire  Depreciates  Rapidly. — A  most  common  form  of 
Dration  is  ordinary  wear  of  the  rubber  tread,  which  depends 
the  quality  of  the  rubber  used  and  the  number  of  miles 
I ;  in  such  a  case  the  fabric,  which  is  really  the  main  support 
tire,  is  laid  bare.  This  is  inevitable  owing  to  the  constant 
n  of  the  tire  against  the  ground,  but  many  people  attribute 
ear  to  inferior  quality  of  rubber,  forgetting  that  even  the 
•esistent  of  materials  will  not  constantly  endure.  If  one  con- 
to  use  a  tire  worn  down  to  the  canvas  the  fabric  will  wear 
y,  and  the  shoe  be  weakened  so  that  the  walls  no  longer  re- 
>e  pressure  of  the  inner  tube,  which  bursts  out  through  the 
ned  portion.  After  a  tread  is  worn  to  the  canvas,  deteriora- 
rill  be  rapid  and  the  only  possible  repair  is  the  application 
ew  rubber  tread. 

lother  cause  of  tire  depreciation  is  small  cuts  in  the  rubber 
ng  which  will  affect  the  fabric  as  well.  These  are  caused  by 
objects,  such  as  broken  glass,  nails,  particles  of  iron,  flints, 
stones^  etc.,  which  stick  into  the  tire.  The  damage  caused 
e  of  two  different  natures,  either  the  outer  cover  is  cut  to  a 
r  or  less  depth  or  both  the  cover  and  the  inner  tube  are  cut 
^h,  the  tire  being  temporarily  rendered  useless  in  the  latter 
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instance,  which  is  the  ** puncture*'  that  is  the  dread  of  mk 
Assuming  a  sharp  object  has  cut  a  gash  into  the  cover,  bu 
not  reached  the  inner  tube.  In  such  an  event,  especially  i 
layers  of  fabric  have  not  been  damaged  the  driver  can  go  a 
the  moment  without  repair.  It  is  different  when  one  or  morec 
layers  of  canvas  have  been  cut  into.  In  that  case  water,  sand, 
etc.,  work  into  the  cut  and  cause  the  tire  to  blister  while  \ 
will  produce  rotting  of  the  fabric,  either  of  which  conditions  i 
given  immediate  attention  becomes  fatal  to  the  outer  cover, 
will  work  between  the  layers  of  rubber  or  fabric  and  produce  1 
known  as  sand  blisters,  which  often  puzzle  the  driver  and  givi 
to  all  manner  of  surmises  as  to  their  cause. 

Water  Rots  Fabric. — The  average  motorist  does  not  na 
consider  water  an  enemy  to  tires,  and  it  is  not  so  long  as  it 
outside.  Moisture  has  very  little  effect  upon  the  rubber,  but 
ages  canvas  to  a  great  extent.  Cotton  fabrics  and  in  fact  all 
table  fibres  which  have  as  a  general  basis  cellulose,  such  as 
jute  and  hemp,  can  offer  resistance  remarkably  well  to  atmo8| 
influences  such  as  oxygen,  heat  and  damp,  which  affect  so 
organic  substances.  For  instance,  it  is  said  that  a  piece  of  ( 
exposed  for  a  month  in  the  air,  the  sun  and  the  rain,  doe 
lose  more  than  two  per  cent,  of  its  original  strength  and 
pieces  wetted  and  ironed  dry  20  times  in  succession  only  lost 
per  cent.  If  left  under  water  for  six  months,  the  cotton  fabric 
does  not  lose  much  of  the  dynamic  force  although  the  water 
ma^'^  be  covered  on  the  surface  with  mold.  But  if  cotton  i 
in  a  damp  place,  on  the  damp  floor  of  a  cellar,  for  instance. 
get  spotted  in  a  very  short  time,  on  account  of  the  mold,  i 
scopic  fungi,  mildew,  and  other  minute  agents  of  destruction, 
effect  is  well  known  to  motorists  as  wall  papers,  which  are 
made  of  cellulose  fibres,  will  fall  to  pieces  and  crumble  when  • 
walls  of  damp  rooms  or  closets.  It  is  this  same  result  which 
causes  bursting  of  tires  apparently  in  good  condition,  th< 
time  used  after  standing  all  winter,  because  the  cotton  fal 
rotten.  This  has  been  proven  by  testing  the  canvas,  the  red 
ot  resistance  being  ^0  \o  'l^  ^^x  q,^x^\.  q?1\\a  «tv5gisv8iL-^iS»A\* 
of  the  weakening  ot  \\i^  fi^^^^  ^^^^  "^^  ^^  ^^^ss^^isis.  ^tf^>H 
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mce  of  keeping  water  from  the  interior  of  a  tire  should 

rent,  and  this  can  be  best  done  by  keeping  the  tires  properly 

,  so  that  the  beads  -will  hug  the  rim,  forming  a  water-tight 

■eing  that  all  tire  and  valve  lugs  have  suitable  washers  under 

?.  that  the  valvL'  is  provided  with  suitable  packing  washers, 

tly  that  all  cuts 

size  which  pene- 

I  the  fabric  are 

ith  new  rubber 

auizing. 

srlblng  Bepair 

ea. — In  describ- 

tliods  of  resto- 

•efertinep  will  be 

0  the  proecssea 
eading,  rebuild- 
aking   sectional 

and  simple  in- 
be  work,  Re- 
g  is  necessary 
he  outer  tread 
worn    through 

use  that  the 
shows  in  spots, 

can  only  be 
nth  profit  on 
that  are  strong, 
ch    the    fabric 

or  body  has  not  been  weakened  by  blowouts  or  rim-cutting, 
ing  a  tire  is  replacing  weakened  or  destroyed  fabric  by  new 

1  and  making  a  new  tread.  It  is  a  more  expensive  opera- 
1  is  seldom  profitable.  In  case  of  a  large  puncture  or  blow- 
casing  (providing  the  rest  of  the  shoe  is  in  good  condition), 

ly  necessary  to  build  the  tire  over  at  the  weakened  spot 
known  as  sectional  work  and  is  perhaps  the  most  common 
of  repairing  known.  Tube  work  is  simple  and  the  method 
i  upon  the  size  of  the  hole  to  be  sealed.    The  necessary  mr 


•  CMCYBMTH 
ni.EMERaEHCY 
oat  4'  OfiCULAR  BWCM 

Fbwck  wilu  Barely  hold 


CUeCULAR  PATTH 


Fig.  434.^Vlew  of  Innei  Tube,  Showing  tlia 
Various  Slsed  Holes  and  Sices  of  Patch 
to  Use  in  Making  Bepain,  also  Defects 
that  Cannot  be  Patched  but  Most  be 
Vulcanized. 
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terial  and  stock  may  be  purchased  but  experience  can  only 
tained  by  constant  endeavor  to  improve,  and  knowledge 
most  important  asset  of  the  successful  tire  repairman. 

Tire  Tube  Repairs. — Tire  tube  work  includes  repairiDg 
tures,  blowouts,  cuts  due  to  pinching  in  application,  or  by 
fitting  security  bolts,  and  inserting  new  valves.  After  locati 
opening,  the  nil 
slightly  roug 
with  a  piece  of 
cloth  for  an  ini 
a  half  on  all  s: 
the  hole,  the  i 
is  cleaned  tlior 
with  benzine,  cei 
filled  in  with 
canized  stock 
patch  and  cure 
flat  plate.  Ci 
treated  as  pre 
described  to  ins 
solute  cleanlinf 
edges  are  cemen 
brought  together  with  unvulcanized  stock  to  form  a  unic 
cured,  as  in  the  case  of  a  simple  puncture.  Blowouts  o 
punctures  require  different  treatment  after  the  rubber  hi 
thorougiily  cleaned,  as  the  size  of  the  hole  seriously  weak< 
tube.  The  area  around  the  opening  is  well  cemented,  both 
and  out,  inside  patching  material  is  placed  inside  the  tn 
space  between  the  edges  of  the  hole  filled  in  with  unvuli 
material,  stitched  carefully,  placed  on  a  flat  plate  and  curet 
length  of  time  in  heat  is  governed  by  the  quantity  of  mater 
quality  of  the  tube  to  be  cured.  This  will  vary  from  10 
minutes  at  a  steam  pressure  of  from  35  to  50  poanda.  In 
ing  valves  a  piece  of  rubber  known  as  the  valve  pad  is  vult 
to  the  inside  of  the  tire  instead  of  the  inside  patching,  this  t 
as  a  reinforcement  and  forming  a  firm  base  for  attachment 
valve. 


Fig.  435. — How  to  Remove  tbe  Cloth  Covei 
to  BxpoM  Oeraented  Surface  of  Frepued 
Patch  for  tuner  Tube  Bepaln. 
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ig  Talve  Stems. — There  are  a  number  of  occasions 
valve  Btem  of  an  inner  tube  becomes  defective  due  to 
tripping  of  the  external  threads  so  that  the  pump  con- 
not  be  securely  screwed  on,  stripping  of  the  valve  thread 
h  prevents  the  removal  of  the  cheek  valve  and  bending 
s  due  to  careless  handling  in  remoring  it  from  tbe  rim. 
iinmon  fail- 
iHng  off  of 
ions  on  the 
e  by  which 
ided   to   be 

e  d ,  which 
t   the   valve 

taken  out 
'omes  leaky, 
any  one  of 
ets  tempo- 
■oys  the  use- 

the  inner 
hat  member 
itively  new 
rv  ice  able,  a 
item  may  be 
■rted.      The 

who  docs 
will  find  it 

us  to  cut  out  all  the  valve  stems  from  old  inner  tubes 
be  in  his  possession,  and  even  when  an  inner  tube  is  en- 
out  the  valve  stems  may  be  in  good  enough  condition  to 
ring  them  until  an  opportunity  presents  itself  for  using 
efeetive  valve  stem  may  be  taken  out  of  the  inner  tube 
uring  it  by  releasing  the  clamping  nut  and  removing  it 
ing  spreader,  then  removing  the  corrugated  washer  which 
ibe  against  the  button-shaped  inner  end  of  the  stem.  The 
the  tube  adjacent  to  the  stem  can  be  carefully  loosened 
tton  end  separated  from  the  rubber  by  forcing  the  stem 
>e.    Some  gasoline  or  naphtha  may  iaci\ilate\w»eaai%  « 


i.    436,— How    Tin    TrMd    Is    I 
Injured  ^7  Frojecttag  Bolts  of  Fmdw 
Iron  If  BpilnKS  Deflact  ExcMHTSly. 
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tlio  valve  base  if  Cfineiit  Ims  beon  apjilioil.  If  a  pair  of  Rpi 
pliers  is  at  hand  tlicir  point  oitii  be  iiisortod  into  the  hole  am) 
(.■an  be  stretched  until  it  is  siifficiently  hii-{.'e  to  pass  the  buttf 
the  stem  through.  TIm*  button  end  of  the  new  valve  stiT 
plaeed  in  a  linlc  wlii'ii  tlils  is  elongati'd  and  some  cement  ni: 
plied  to  the  contracting  surface  of  the  stem  end  as  a  lub 


rig.  337. — Showing  Mettwi  ot  'lioct.UTil,  "S-«nii»wM»  \a  i 
ImmerBinB  Ix  in  a  Taiii.  ol  ■^».'«lt.  'a*  T 
Presence  of  tUe  l«als.  ^^7  "Biititi^w- 
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entraDce  into  the  interior  of  the  tube.  The  pliers  are  then 
and  the  tube  allowed  to  constrict  around  the  valve  stem, 
lent  is  placed  on  the  corrugated  face  of  the  clamping 
len  the  spreader  is  put  on  over  the  stem  and  the  clamp 
ed  down  and  tightened.     By  partially  inflating  the  tube 


— Sboirliig  Method  of  Cleaning  Area  Around  tlie  Puncture  wltb 
iry  dotb  or  Sandpaper  Belon  Applying  Oement  to  Tnbe. 


erging  the  stem  portion  in  water  one  can  easily  determine 
'aetory  repair  has  been  effected.  Care  should  be  taken  in 
the  clamp  plate  or  spreader  so  that  its  greatest  length 
j>\sis  of  the  tire.  The  function  of  this  is  to  protect  the 
e  point  at  which  the  valve  is  attached.  It  also  aids  in  hold- 
ising  in  place  on  the  rim  to  some  extent. 
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Simple  Casing  Bepairs. — In  event  of  a  damaged  shoe,  the  i 
tent  of  damage  and  whether  the  hole  is  through  the  cover,  or  a 
through  the  rubber  is  ascertained.  If  only  the  tread  is  affected 
will  not  be  necessary  to  remove  any  of  the  canvas  layers,  bnt  1 


Fig.  !l39.— ShowinK  Use  of  Wire  BrlaUe  Bnmng  WHsol  AtUdwd  ts  V 
die  of  SmaU  Portable  DrlUlnK  HkUdo  for  COoaiiiiig  Am  > 
rounding  Punctuie  on  Imter  Tube. 


rubber  must  6e  cut  away  for  one  or  two  inches  around  the  bwl 
surface.  The  edges  cut  bevel,  then  roughened  with  a  rasp  or  » 
wheel ;  then  ai>i>ly  two  or  three  coats  of  vulcanizing  cement.  «lli 
ing  eacli  to  dry  thoroughly  and  build  up  with  cover  stock  toi 
face  contour,  dust  tale  over  the  mold,  clamp  tightly,  and  witiM 
Bepairs  May  Be  Made  From  Inside. — If  the  hole  is  throi 
the  tread  and  body,  and  it  is  not  too  large,  such  as  is  caused  bj 
simple  puneture,  a  good  di'al  of  work  can  be  done  from  theiM 
o£  the  tire  and  very  little  rubber  need  be  removed  from  the  W 
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iple  puncture  no  rubber  need  be  removed.  For  a  small 
it  is  only  necessary  to  fill  in  that  part  of  the  tread  or  cover 
;  blown  away.  In  making  repairs  from  inside  it  is  neces- 
tum  the  casing  inside  out,  and  remove  two  or  three  plies 
!  inside,  "stepping  down"  each  ply,  as  shown  at  Fig,  443, 
ply  to  be  within  two  inches  of  either  side  of  the  edges  of 
Clean  thoroughly  and  apply  at  least  three  coats  of  vul- 


i, — Pmwrlng  Innu  ToIm  for  Vnlcanlslng  FAtcli.  A — OoatUig 
yi  WaU  of  Tubo  witli  Bntiber  Oamant.  B — InMitlng  Seml-Outed 
alT  Stock  Pktcb. 


cement,  allowing  each  coat  to  dry  thoroughly  before  ap- 
le  next.  This  will  require  about  an  hour  for  two  first  coats 
e  hours  for  the  last.  Cover  the  inside  of  the  fabric  with 
;  unvulcanized  stock,  turn  the  tire  back  as  it  should  be  and 
the  fabric  removed  with  new  stock  by  a  "stepping-up" 
applying  one  or  two  extra  layers  of  plies  in  the  inside  ex- 
for  several  inches  beyond  the  other  material,  this  to  make 
ir  as  strong  as  any  other  part  of  the  tire.  Fill  in  the  out- 
face with  raw  stock,  place  the  tire  in  a  seetionaiV  t&icW, 
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Fig.  441.— Showing  Um  of  StttchM  in  EolUng  Patcblnc  BabbB  » 
Film  conua  witli  Innw  Tuba. 
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both  mold  and  tire  over  with  tale  powder,  and  after  plac- 
tir  bag  or  substitute  inside  the  shoe  inflated  from  40  to  60 
pressure  the  curing  follows.  It  is  recommended  that  the 
wrapped  at  each  end  of  the  mold  for  about  six  inches  with 
ge,  thifl  to  hold  the  case  together  and  prevent  distortion  or 
out  of  the  air  bag.  The  curing  continues  from  45  minutes 
oar  at  from  50 
•otmds,  accord- 
the  nze  of  the 

ther  method  of 
this  repair,  and 
I  if  the  blow- 
at  all  serious, 
emoTfl  the  old 
>r  four  or  five 
n  either  side  of 
ling.  The  tire 
restored  with 
'k,  after  the  in- 
I  been  treated 
OUI7  described 
kened  or  broken  fabric  replaced  by  a  stepped  series  of  lay- 
Mh  material.  A  point  that  must  be  observed  is  to  remove  a 
t  quantity  of  the  tire  stock  to  insure  that  fabric  enough 
DKd  on  the  shortest  step,  which  is  that  next  to  the  cut,  so 
rill  bri^e  over  the  hole  and  leave  a  substantial  margin  of 
It  either  side.  As  it  must  be  evident  that  there  is  consider- 
lin  against  the  patched  portion  of  the  tire,  the  greater  the 
sr  vhich  the  stress  is  distributed  the  stronger  the  repair. 
f  of  fabric  or  rubber  should  be  well  rolled  with  the  stitcher 
Bvery  part  of  it  will  adhere,  and  if  air  is  left  between  the 
lorming  bubbles,  these  will  cause  loosening  of  the  covering 
e  tire  is  in  service.  Air  pockets  should  be  struck  open  with 
t  of  an  awl  moistened  with  water  before  making  a  hole,  as 
s  will  close  together  more  readily  if  this  precaution  is  taken. 
eading  and  Bebnilding  Tires. — If  a  tire  haa  V)e<tcim&  -«^-c& 


Fig.  U2. — Sliowiiig  Uetliod  of  UBing  Inoar 
Sleeve  and  Outer  Shoe  In  Uaklsx  Tem- 
porarr  BepAlr  of  Blowout  In  Oulng. 
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through  normal  wear,  it  is  possible  to  put  a  new  tread  on 
fabric  body  and  add  considerable  to  the  life  of  the  tire, 
tread  a  tire  the  first  operation  is  to  remove  all  the  old  trea 
to  the  fabric.    This  is  done  by  cutting  straight  across  and 
to  the  first  breaker  strip,  and  pull  this  away  from  the  tire 
using  gasoline  or  benzine  to  assist  in  loosening  it  from  the  p 

The  remaining 
is  cut  away 
sharp  knife  m 
in  water,  and 
traces  of  the  o 
are  removed  y 
wire  brush, 
wheel  or  rasp, 
fabric  has  be< 
aged,  as  aomet 
suits  when  th< 
run  with  tb 
worn  so  that  i 
are  exposed,  i 
jured  layer  di 
cut  off.  After 
the  outside  of  i 
is  thoroughly 
with  g  a  8  o  I  i  ] 
when  this  has 
rated  three  c 
vulcanizing  cen 
applied,  allowing  the  last  one  to  dry  about  three  hours. 
of  20-gauge  cover  stock  is  applied  as  padding,  and  over 
placed  a  breaker  strip,  then  another  layer  of  cover  stoc 
used  as  padding,  this  covering  the  breaker  strip  only.  0) 
padding  is  applied  a  sheet  of  60-gauge  retreading  stock,  a 
it  to  extend  one  inch  each  side  of  the  breaker  strip ;  apply  a 
layer  of  the  same  stock  about  one  inch  narrower,  and  over 
hid  another  strip  oi  T^\.Te«.dAT\\^  ^V^>«?«l  q»1  ^^  %»s&i^  ^ssos^ 
others  which  extends  to  \\ve  poViiV  lwBi«\i  ^^  t^^WBi.  '^^ 


Fig.  443. — ^At  A,  Method  of  Stepping  Down 
Fabric  and  Tread  of  Outer  Casing  wben 
Bepairing  Blowout  by  Sectional  Vulcan- 
izing Process.  At  B,  an  Inside  Patch  that 
is  Held  in  Place  by  Mechanical  Means 
Instead  of  Cement  is  Shown. 
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Each  ply  is  rolled  thoroughly  and  stitched  and  all  air  is 
led  from  air  blisters.  The  shoe  is  now  ready  for  curing, 
ibuilding  is  very  similar  to  retreading  except  that  new  fabric 
■d  to  replace  any  that  is  not  up  to  the  standard  in  the  body 
-eass  of  the  shoe.  The  tread  is  removed  as  in  retreading,  and 
rst  ply  of  fabric  is  cut  through  all  the  way  around  on  the 


M4. — Sliowliig  Method  of  gtrlpptog  Off  Worm  Fabric  from  Section 
S  Old  OulDg  to  Make  a  Ver?  Sitlafactory  Inatde  Patch  for  Blown- 


■  of  the  tire.  After  cutting,  this  ply  is  turned  back  all  the 
round  to  within  one-half  to  one  inch  of  the  bead.  The  weak- 
plies  are  removed,  never  more  than  three,  as  more  than  this 
-  the  cost  of  this  mode  of  restoration  prohibitive.  Assuming 
wo  plies  are  removed,  cut  out  the  first  all  the  way  around 
1  one-half  inch  where  the  first  ply  is  turned  back.  Remove 
?xt  ply  within  one-half  inch  of  the  second  and  clean  the  tire 
ighly,  applying  three  coats  of  cement.    It  is  imperative  that 
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Tig.  445. — Depleting  Various  Steps  In  Betraadlng  Cuing.  A — SttlpFlK 
Off  Defective  Tread  Subber.  B — Applying  New  Ooror  Stock,  ff- 
Wrapplng  tbe  Casing  Firmly  with  Strips  of  OlottL  D — BoltlBf  (i 
Cover  of  Steam  Oven  BeUeadlng  Type  Vulcmnlxor. 
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khe  cement  coatings  dry  thoroughly.  Twenty-gauge  cover  stock  is 
SDolied  over  the  cement  and  rolled  thoroughly,  and  rebuilding 
"  jc,  cut  on  the  bias,  is  used  to  replace  the  plies  previously  re- 
moved. The  part  of  the  tire  that  is  turned  back  is  rolled  into 
jroper  position,  the  union  at  the  edges  being  made  with  unvul- 
anized  pure  gum  stock,  and  the  remainder  of  the  process  is  the 
Bune  as  in  retreading. 

Many  rim  cut  clincher  tires  are  brought  in,  the  damage  result- 
ig  from  use  without  sufiicient  internal  air  pressure,  and  in  some 
istances  it  is  possible  to  make  a  very  satisfactory  repair  upon 
leae.  The  rubber  is  removed  from  the  cover  on  the  side  for  about 
tt  inch  and  a  half  or  two  inches  above  the  bead  and  then  a  ply  of 
Aoric  is  removed  about  one-half  inch  from  the  toe  of  the  bead.  If 
ipto  than  one  ply  is  cut  the  next  ply  should  be  cut  away  one  inch 
^ftfe  than  the  first.  Clean  thoroughly  and  cement.  Twenty-gauge 
Jwr  stock  is  applied,  the  rebuilding  fabric  to  take  the  place  of 
Mh  layer  removed,  the  last  ply  to  be  cut  wide  enough  to  turn  in- 
ne  the  easing  from  two  to  three  inches.  An  amount  of  unvul- 
mised  stock  about  equal  to  that  removed  from  the  cover  is  then 
pplied  and  the  tire  is  ready  for  curing. 
In  tire  retreading  or  rebuilding,  certain  essential  factors,  if  ob- 
will  insure  success.  The  parts  must  be  thoroughly  cleaned 
application  of  cement,  and  all  coats  should  be  allowed  to  dry 
the  time  specified  by  the  makers.  Every  layer  of  material 
whether  fabric  or  rubber  stock,  must  be  firmly  rolled  to 
proper  adhesion,  and  it  is  imperative  that  air  bubbles  be 
and  the  air  released.  The  best  cements  and  stocks  to 
dictated  by  experience,  and  the  gauges  of  the  stock  ap- 
will  vary  with  the  individual  preference  of  the  repairman, 
these  should  be  chosen  with  reference  to  the  material  in  the 
that  is  being  restored. 
To  cure  a  rebuilt  or  retreaded  cover  in  the  large  pot  heater  it 
I  necessary  to  have  air  bags  of  the  proper  size  for  each  tire,  as 
hose  that  are  too  large  may  become  pinched,  while  those  too  small 
rill  not  properly  fill  the  interior  of  the  casing.  After  an  air  bag 
which  is  in  reality  either  a  portion  or  entire  specially  made  tire 
abe)  is  placed  in  the  case,  the  tire  is  assembled  on  \.\v^  ysxxn.  ^^^ 
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wrapped  spirally  with  a  bandage  of  sheeting  or  light  due 
three  inches  wide.  Next  the  air  bag  is  inflated  to  40  or  50 
pressure,  and  the  tire  is  placed  in  the  heater  and  cured,  thi 
of  curing  depending  upon  the  size  of  the  repair,  varying  : 
minutes  to  one  hour  and  at  pressures  of  steam  varying  fro 


Fig.  416. — Oonier  of  Typical  Bopiir  Sbop,  Sliowiug  PtkUcbI  i 
tlon  of  Vnlcanfcer  on  Botli  Tube  and  CuiaK  Woric  NoUct 
tion  of  Alt  Bag  In  CaaiDK  Bofote  Pnttlng  Saau 


ftO  pounds.  In  curing  special  care  must  be  taken  and  in  t) 
cess  many  inexperienced  operators  make  error.  If  a  casing  i 
too  long  the  rubber  will  be  too  hard  and  will  lose  resiliency 
ivhile  if  the  curing  \itoccsa\&Va'Sk\.ft'c«i.«ai.*ew,'Cw6,TaTss^.-% 
heated,  the  rubber  -kWY  >je  «i^V  ^^4-  "V^^"  A«fl»\SaR«*«, 
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■^moving  the  tires  from  the  heater  they  are  allowed  to  cool  about 
W  minutes,  then  unwrapped  and  hung  up  for  a  day  or  two  to  set. 
^am  at  a  pressure  of  40  pounds  has  a  temperature  of  about  250 
(degrees  Fahrenheit  and  is  the  heat  commonly  used  in  curing  rubber. 

Dry  Gore  Methoda.— There  are  two  systems  of  vulcanizing 
irben  making  sectional  repairs  or  retreading,  that  best  adapted  for 
Beneral  usi'  being  the  dry  cure  system  in  which  the  desired  pressure 
br  ^iilcaiijzation  is  secured  with  pads  instead  of  with  an  air  bag 
«]d  where  tlie  tire  is  cured  by  the  application  of  heated  elements 
Bther  than  ^Tapping  it  and  placing  it  in  a  steam  oven.  A  num- 
er  of  molds  used  in  the  dry  cure  system  and  sold  for  use  with  the 
laywood  vukanizer  have  been  previously  described  and  Illustrated 
n  connection  with  that  out6t  at  Fig.  430.  Additional  appliances 
re  sho^i-n  at  Fig.  448.  That  at  A  is  known  as  an  inside  patch  or 
elining  mold  and  may  be  used  in  relining,  patching  or  for  drying 
Bt  the  interior  of  a  casing  before  a  reenforcement  is  started.  On 
lowout  work,  especially  of  the  larger  and  more  diEReult  class,  it 
I  often  necessary  to  apply  two  or  three  layers  on  the  inside  of  a 
ire,  and  altboagh  considerable  heat  is  conducted  from  the  outside 
gold  it  is  well  to  give  the  repair  a  twenty  minute  cure  on  the  in- 
ide  wliieh  is  best  accomplished  with  the  form  of  mold  shown  at  A. 

Solid  pads  and  clamps  are  used  in  connection  with  the  various 
i  j>eB  of  Haywood  molds  for  obtaining  pressure  on  the  curing  stock. 
lu-se  pads  conform  to  the  cur\-ature  of  the  mold  on  which  they 
ri-  used.  There  are  a  number  of  advantages  given  for  the  pad  and 
lump  sj-sttm,  over  the  air  bag  system.  It  is  said  that  the  properly 
iiilt  pads  last  indefinitely,  whereas  the  air  bags  have  a  definite  life 
nd  arc  .'iubject  to  the  uncertainty  incidental  to  the  use  of  pneu- 
lutic  a]ij>liances.  AVith  a  solid  pad  on  one  side  of  a  repair  and  a 
abfltantial  accurately  machined  mold  on  the  other  and  with  three 
o  five  heavy  iron  clamps  drawing  the  two  together  it  is  possible 
»  exert  more  pressure  on  the  curing  stock  than  by  any  other  sys- 
t«n  and  pressure  is  considered  an  essential  to  good  work.  The  pad 
tnd  clamp  system  is  simple  and  easy  to  operate  and  there  is  nothing 
In  its  operation  that  calls  for  skilled  labor.  It  not  only  produces 
ilonnderable  pressure  on  a  repair  but  also  localizes  the  heat  to  the 
Bortion  being  repaired. 
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Thp  method  of  using  tlie  pressure  pad  in  makiug  a  repair  oi 
'defective  tire  bead  is  shown  at  Fig.  448,  B.  The  side  wall  and  be 
**io]d  is  shown  at  C,  while  the  appearance  of  a  repaired  portion 
^^  casing  liaving  a  long  riin  cut  and  blown  side  wall  is  shown  at 
r^etreading  may  be  also  easily  accompliBhed  by  the  dry  cure  metb 
,~^Iie  appeiirance  of  a  tire  needing  retreading  is  clearly  shown 
■*^ig.  449,  A.  Tliis  is  only  practical  if  tiie  layers  of  fabric  are 
^Ood   condition.     The  old  tread  is  stripped  off  as  previously  > 
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I^  M8.— Holds  foi  Use  with  Dry  Ciiie  Procoss  of  VulcanUing. 
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Fig.  44S.— Sbowlng  Uolda,  Olunpa  and  Fkd  Uwd  tor 
by  tbfl  Dry  dure  Frocna. 
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bribed  and  the  new  tread  cemented  on  and  vulcanized  by  the  use 
of  a  retreading  mold  which  is  shown  at  Fig.  449,  C.  The  retread- 
ing molds  are  26  to  28  inches  in  length  and  heat  approximately  one- 
third  of  the  circumference  of  the  tire  at  one  time.  The  molds  are 
hollow,  allowing  steam  circulation  from  one  end  to  the  opposite  and 
have  an  opening  at  the  lowest  point  to  exhaust  the  products  of  con- 
densation* The  sectional  view  of  the  mold  with  the  clamp  and  cas- 
ing in  place  shown  at  Fig.  449,  B,  shows  the  construction  of  the 
mold  and  the  method  of  applying  the  new  tread  very  clearly.  The 
appearance  of  a  retreaded  tire  after  the  new  tread  has  been  cured 
on  18  clearly  shown  at  D.  Sectional  molds,  which  are  the  forms 
previously  described  are  simply  short  retreading  vulcanizers.  They 
are  used  for  curing  the  tread  portions  where  the  injured  section 
is  not  long  enough  to  call  for  the  use  of  the  retreading  mold  shown 
at  C.  Sectional  molds  are  the  forms  to  use  for  surface  cuts,  sand- 
blisterSy  stone  bruises,  short  patches  of  loose  tread  and  other  de- 
fects eonfined  to  a  specific  area  of  the  tire. 

Beoonstmcted  Tires. — A  new  method  of  tire  salvage  has  been 
reeently  devised  by  which  two  old  casings  may  be  combined  to  form 
a  new  casing,  this  being  especially  desirable  when  one  of  the  cas- 
ings has  a  good  bead  but  a  poor  tread  while  the  other  one  may  have 
s  gpod  tread  but  be  defective  at  the  bead.  This  process  is  called 
peecmstruction  to  distinguish  it  from  retreading  as  it  consists  of 
rtHfth^wg  the  two  tires  together  in  such  a  way  that  they  cannot 
■psrste,  using  the  one  with  the  best  bead  for  the  inside  member. 
RhiB  entire  feature  of  the  repair  lies  in  the  stitching  process,  and  as 
ibSm  is  not  an  easy  one  a  number  of  firms  are  in  existence  which 
Mpedai  machinery  for  doing  this  work.  Sometimes  the  pro- 
includes  adding  a  special  layer  of  calendered  fabric  to  the 
mrfaee  of  the  inner  tire.  Another  process  includes  the  addition 
mtnde  of  the  second  tire  of  a  non-skid  surface  composed  of  steel 
itods  fastened  into  a  special  fabric,  this  being  firmly  cemented  to 
[he  easing. 

The  appearance  of  reconstructed  tires  is  shown  at  Fig.  450.  In 
one  process  the  procedure  is  substantially  as  follows:  the  cover  is 
first  subjected  to  examination  and  if  found  satisfactory  for  repair- 
ing is  transferred  to  the  stripping  machine  which  strips  the  whole 
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of  the  remains  of  the  old  rubber  tread  from  the  canvas  base, 
cuts,  bruises  or  bursts  are  then  cut  clean  and  built  up  with 
fabric  and  rubber  and  the  cover  is  then  treated  to  a  proc« 
forces  a  rubber  compound  under  heavy  pressure  into  the 
between  the  layers  of  canvas  where  movement  between  tiie 
produced  separation.  To  the  whole  of  the  inside  of  the  coi 
or  two  layers  of  specially  prepared  canvas  are  applied,  thf 


Fig.  450. — Method  of  Combining  Worn  Tlrea  and  N«w  MatoiUl  t 
duce  a  Beconstrncted  Caatng  Capable  of  CMvliig  Conalderable 
tional  Service. 

being  put  into  a  special  sewing  machine  which  covers  it  with 
work  of  stitching  which  runs  through  the  entire  carcass,  t 
dueing  the  internal  movement  of  the  layers  relative  to  each 
to  a  minimum.  A  final  lining  of  friction  canvas  is  attached 
inside  over  the  stitching.  The  stitching  and  treatment  up  ' 
point  form  the  basis  of  the  patent  which  protects  the  ma 
turers  repairing  by  this  process.  The  illustration  at  A  in( 
the  stitching  of  the  inner  cover  before  the  outer  cover  is  aj 
The  view  at  B  shows  the  completed  unit  with  the  other  tn 
piace  and  fastened  to  fee  mQ<;"t  twet.  \\i 'CKsa  nSh«  *^  inc" 
the  oJd  cover  with  Us  \Tea4  Temwea.,"a,'*^^  « 
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fining  rubber,  D,  the  new  tread,  E,  dark  rubber  forming  the  new 
ead,  F,  light  rubber  and  canvas  forming  the  base  of  the  new 
ead.  After  the  cover  has  been  stitched  as  shown  at  Fig.  450,  A, 
e  next  stage  is  to  treat  it  to  a  generous  layer  of  rubber  compound 
L  the  outer  side  and  the  prepared  jointless  tread  is  carefully  fixed 

place.  The  cover  is  then  filled  with  molds  which  are  hammered 
to  place  to  stretch  the  cover  base  into  its  original  shape  and  ap- 
oximating  as  near  as  possible  the  shape  it  assumes  under  working 
lation  pressure.    The  next  process  is  the  wrapping  and  binding 

the  cover.  This  is  then  followed  by  treatment  in  a  vulcanizer 
>m  'whence  it  emerges  with  the  tread  attached  to  the  original  can- 
s  base  by  a  thick  layer  of  resilient  black  rubber.  It  is  said  that 
J  life  of  a  reconstructed  tire  is  often  equal  to  that  of  a  new  one 
lereas  the  cost  of  reconstruction  is  but  50%  of  that  of  new  tires 
most  cases. 

Bepairing  Punctures  with  Mechanical  Plugs. — Repairmen  who 
,ve  had  experience  in  bicycle  work  are  thoroughly  familiar  with 
e  advantages  as  well  as  the  limitations  of  the  screw  down  plug 
lich  has  been  widely  sold  for  repairing  single  tube  bicycle  tires. 

modification  of  this  form  of  plug  has  been  introduced  for  use 
L  inner  tubes  and  has  the  advantage  of  being  very  easily  handled 
ough  its  use  is  limited  to  the  repair  of  small  punctures.  The  plug 
lelf  consists  of  two  threaded  discs  of  metal  which  are  firmly  vul- 
nized  in  a  surrounding  mushroom  shaped  mass  of  rubber.  The 
wer  one  of  these  has  a  stem  attached  to  it  on  which  the  upper 
jad  is  threaded.  The  plug  is  clearly  shown  at  Fig.  451.  For 
otorist's  use  these  are  sold  as  a  kit  with  a  set  of  special  pliers  to 
Lcilitate  manipulation.  The  first  operation  after  the  puncture  is 
cated  is  to  use  the  conical  punch  end  or  cutter  as  indicated  at  C, 
hich  makes  a  smooth  round  hole  that  is  not  apt  to  tear.  The  next 
>eration  is  to  stretch  the  hole  as  .shown  at  D  in  order  to  permit 
le  insertion  of  the  lower  portion  of  the  plug.  After  this  is  in 
lace  the  upper  part  is  kept  from  turning  as  shown  at  Fig.  451,  E, 
y  pressure  of  a  finger,  while  the  lower  portion  is  brought  tightly 
»  bear  against  the  inner  tube  which  is  sandwiched  between  the  two 
Murts  of  the  plug  by  turning  the  bent  part  of  the  stem  which  acts  as 
i  le^er  and  makes  possible  the  secure  retention  of  the  inner  t"*-- 
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Ftg.  451. — How  Iimer  Tab«  PnnctQreB  May  b«  B«pmlred  wltli 
Sampson  MecluniCBl  B«palr  Ping. 

between  tlie  upper  and  lower  portions  of  the  phig.  Afte 
parts  liavo  been  tiftlitly  screwed  together,  the  projecting 
the  threiidcd  stem  is  broken  ofi  or  eut  with  the  pliers  and 
projects  it  is  smoothed  down  with  a  file.  In  order  to  previ 
plug  fiittinp  tliroHgh  a?i  ■wowkl  hfe  the  case  with  metal  pit 
edges  of  tlic  rubbct  pieces  ate  -s^v-s  fteifeV  vwA  wAv  -* 
coiirsf,  prevents  them  cuttW^mVo  S.V<i\'c«.«  V^io^. 
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PRESSURE   AND  CARRYING  CAPACITY  PER  WHEEL  OF 
STANDARD   SIZED   PNEUMATIC   TIRES 

v^ights  in  excess  of  1.000  pounds  per  wheel,  5-inch  tires  or  larger 
amended. 


1 

SINGLE 

DUAL 

Extreme  Load 

Air  Pressure 

Extreme  Weisrht 

per  Wheel, 

Recommended, 

per  Wheel, 

Pounds 

Pounds 

Pounds 

36x2i 

225 

40 

36x3 

350 

50 

400 

60 

450 

60 

550 

60 

d36x3i 

600 

60 

550 

75 

650 

75 

700 

75 

750 

75 

1200 

700 

85 

900 

85 

1000 

85 

1350 

1250 

90 

1500 

1350 

90 

2000 

1500 

90 

:CREASE    IN    AIR    PRESSIJRES     CAUSED  BY    DRmNG 

igures  given  by  tire  manufacturers  as  the  most  suitable  for  initial 

generally  take  into  account  the  increase  in  temperature  and  pressure 

hj  prolonged  running.     It,  however,  is  useful  to  know  what  this 

is.     The  figures  in  the  following  table  are  given  by  a  French 

J  and  are  averages  computed  on  tires  from  3  to  4%  inches  diameter 

sual  touring  car  weight  and  speed  conditions.     For  larger  tires  the 

is  greater  on  account  of  the  greater  rigidity  of  the  cover  walls,  re- 

n  greater  internal  strains  in  the  fabric  at  the  points  of  bending. 


Pressure  in  Tire, 

Cold. 
1  I>er  Square  Inch 

Working  Pressure  in  Tire. 

Warm. 

Pounds  per  Square  Inch 

Increase  Feaultinflr  from 

Work. 
Pounda  per  Square  Inch 

71.116 

85.339 

99.562 

113.785 

88.183 
105.750 
123.546 
141.920 

17.067 
20.411 
23.984 
28.136 

iBaHMMli 
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MAXIMUM   CARRYING    CAPACITIES   OF   SOLID    TIRES 


SINGLE 

TWIN 

1 

Size. 
Inches 

1 

Extreme  Load                             q,-  ^ 
per  Wheel,                             j^^ 
Pounds                                 ^'*«**** 

1 

1 

Extreme  Locd 
per  Wheel, 
Poundi 

2 

2i 

3 

3i 
4 
5 
6 

7 

500 
750 
950 
1375 
1750 
2000 
3000 
4000 

2i 
3 

3i 
4 
5 
6 

1900 
2500 
3500 
5000 
6000 
8000 

METRIC    TIRES    AND    THEIR    AMERICAN    EQUIVALENTS 


■ 

Metric  Sizes 

Approximate  Size 
in  Inches 

1 

Metric  Sizes 

Approximste  Siu 
in  Inchei 

(»50  X 

65 

26x2  V2 

870 X    90 

34x3  >4 

700  X 

65 

28x2  % 

910 X    90 

36x3  ^ 

750  X 

65 

30x2  % 

960 X    90 

38x3  ^ 

800  X 

65 

32x2  Vj 

1010 X    90 

40x3  ^ 

830  X 

65 

33x2  % 

815  X  105 

32x4 

860  X 

65 

34x2  % 

875  X  105 

34x4 

700  X 

85 

28x3  % 

915x105 

36x4 

750  X 

85 

30x3  1/4 

820  X 120 

32x4  ^ 

800  X 

85 

32x3  ^ 

850  X 120 

33  X  4  %-5 

860  X 

85 

34x3  1/4 

880  X 120 

34x4  %-5 

760  X 

90 

30x3  1/2 

920  X  120 

36x4  %-5 

810x 

90 

32x3  V2 

1020  X 120 

40x4  %-5 

840  X 

90 

32x3  % 

1080x120 

42  X  1  ',2-5 

CHAPTER   XI 

MISCELLANEOUS   REPAIR   PROCESSES 

aqr-acetylene  or  Autogenous  Welding — Torches  for  Welding — Sources  of 
Gas — Cost  of  Autogenous  Welding — Instructions  for  Operating — Welding 
Cast  Iron — Method  of  Preheating — Welding  Aluminum — Welding  Malle- 
able Iron — ^Welding  Brass  and  Bronze — General  Hints — ^Treatment  of 
Steel,  Annealing — Box  Annealing — Hardening — Pack  Hardening — ^Temper- 
ing— Case  Hardening — ^Distinguishing  Steel  from  Iron — ^Hardening  Qteel 
Tools — ^Temperatures  for  Tempering — ^Molten  Metals  to  Produce  Desired 
Heat — ^Working  Iron  and  Steel — Annealing  Chilled  Cast  Iron — ^Bending 
Pipe  and  Tubing — Filling  the  Tubing — ^Pipe  Bending  Fixture — Straighten- 
ing Out  Bent  Fenders — Removing  Dents  in  Tanks — Soldering  and  Braz- 
ing Processes— Fluxes  for  Soldering — Solders  and  Spelter  for  Different 
Purposes — Lead  Burning — Soldering  Aluminum — How  to  Braze  Iron  and 
Steel — ^Testing  Lubricating  Oils — Evils  of  Exhausting  in  Closed  Shop- 
Instructions  for  Repairing  Storage  Battery — Care  of  Grinding  Wheels- 
Speeds  for  Grinding  W^heels — Grading  of  Grinding  Wheels. 

Many  men  are  engaged  in  the  automobile  repair  business  who 
Bve  been  specialists  in  some  particular  branch  of  mechanical  work 
efore  becoming  interested  in  the  automobile.  Wood  workers, 
Lacksmiths  and  carriage  smiths  are  especially  noted  owing  to  the 
ecrease  in  carriage  and  wagon  work  and  increase  in  automobile 
^pairing.  The  review  of  various  mechanical  processes  which  fol- 
>ws  cannot  fail  to  be  of  value  to  all  those  not  thoroughly  familiar 
ith  all  branches  of  mechanical  work.  Even  the  automobile  me- 
lanic  will  find  the  material  useful  for  review. 

Autogenous  Welding. — Autogenous  welding  is  the  process  of 
niting  metal  surfaces  by  heat  without  the  aid  of  solder  or  compres- 
on.  High  temperature,  full  control  and  easy  application  of  the 
gat  are  necessary  requisities.  The  most  satisfactory  method  is 
srmed  the  oxy-acetylene  process,  the  flame  having  a  temperature 

887 


888  Automobile  Repairing  Made  Easy 

of  about  6300  degrees  Fahrenheit.    By  this  process  iron,  steel,  ci 
iron,  aluminum,  brass,  copper,  platinum  and  other  metals  maylil^ 
so  perfectly  united  as  to  defy  detection  when  the  joint  is  smootkl 
Its  uses  include  the  following :  Reclaiming  light  and  heavy  castiip 
coming  from  the  sand  with  blow  holes,  sand  holes,  cold  shuts  nl 
lugs  off;  reclaiming  light  or  heavy  cracked  or  broken  alumimoi; 
adding  metal  to  parts  subjected  to  friction ;  repairing  large  or  amd 
frame  members  in  place,  welding  in  new  parts  or  filling  in  cradi; 
welding  split  piping  or  flanges  on  pipes;  reclaiming  imperfect  8tri 
castings ;  extending  short  shafting,  adding  small  metal  parts  broka 
oflf  or  missing  and  renewing  teeth  broken  from  gear  wheels.   TMi 
process  is  of  inestimable  benefit  to  the  automobile  repairman  aad 
every  first  class  mechanic  should  have  experience  in  handling  tbc 
welding  torch.    Its  uses  in  the  repair  shop  are  legion. 

The  operation  of  cutting  steel  or  iron  is  by  heating  the  metil 
at  the  first  point  of  contact  to  the  red  with  the  ordinary  welding 
flame.  This  flame  is  then  continued  with  a  jet  of  pure  oxygei 
turned  on,  which  unites  with  the  carbon  of  the  metal  and  disift 
tegrates  it  with  surprising  rapidity.  The  cut  is  narrow  and  smooth 
with  no  material  damage  by  oxidation.  It  may  be  made  in  aDi 
shape,  and  the  process  will  be  found  especially  valuable  in  makiflf 
many  kinds  of  dies  and  in  fitting  steel  plates.  Steel  beams  ii 
structural  work,  steel  arches,  steel  boilers,  steel  piling,  shaped  ded 
plates  for  steamships  and  the  hardest  steel  vaults  may  be  cut  with 
ease.  The  secret  of  the  process  lies  in  the  high  temperature  ol 
the  flame,  which  increases  the  temperature  of  the  metal  so  rapidly 
that  very  little  heat  is  diffused  into  the  body  of  the  part,  most  of 
it  therefore  being  available  for  fusion.  The  number  of  heat  uniti 
actually  absorbed  by  the  metal  is  a  very  small  fraction  of  that 
required  to  bring  the  same  part  to  a  brazing  heat  with  the  ordinary 
gas  or  oil  blowpipe,  and  very  little  if  any  warping  takes  place. 

One  of  the  first  points  to  be  understood  when  considering  the 
use  of  autogenous  welding  is  that  the  heat  actually  has  to  come  in 
contact  with  every  particle  of  metal  welded.  It  is  impossible  to 
weld  by  this  method  where  this  cannot  be  done.  If  a  small  boas  is 
required  on  a  given  easting,  it  is  useless  to  cut  out  a  disc  of  metal 
the  same  size  of  the  boss  V\\\v  W\^  \^^^  ^1  N%^^Ya%\\.  ^w,  '^^fflt 
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ect  way  would  be  to  add  metal  drop  by  drop,  until  the  required 
ize  is  reached.  The  torch  ia  the  most  important  factor  in  auto- 
enous  welding  and  cutting.  The  type  generally  admitted  to  be 
f  the  best  construction  consists  of  two  small  pipes  or  conduits 
srminating  at  one  end  with  hose  connections,  the  other  entering 

recess  head  that  receives  the  torch  tips.  The  pipe  for  acetylene 
{ screwed  into  a  cylinder  about  one  and  one-half  inches  in  diameter, 
^hich  serves  for  a  handle,  and  is  packed  in  porous  material  that 
revents  the  possibility  of  communicating  a  flame  beyond  that 
oint. 

Torches  for  Welding. — It  is  not  generally  known  that  three 
istinct  types  of  torches  have  been  invented  for  oxy-acetylene  weld- 
tig.  These  are  termed  respectively  low,  medium  and  high  pres- 
ure,  taking  their  name  from  the  relative  pressure  under  which  the 
cetylene  is  used.  The  high  pressure  torch  was  never  introduced 
Qto  this  country  owing  to  certain  disadvantages,  finally  causing 
he  medium  pressure  torch  to  be  brought  out.  The  low  pressure 
orch  was  invented  by  Edmond  Fouche,  and  its  principle  is  based 
n  that  of  the  injector,  the  acetylene  being  drawn  by  suction  pro- 
duced by  the  flow  of  oxygen,  which  is  under  pressure.  The  acety- 
ene  is  brought  to  the  torch  under  a  pressure  of  a  few  ounces  per 
quare  inch  only.    The  flow  of  oxygen  is  regulated  by  the  area  of 

nozzle  and  by  its  pressure  so  that  the  correct  proportion  of  acety- 
jne  is  sucked  in.  The  mixture  then  passes  out  at  the  burner  or  tip 
f  the  torch. 

The  size  of  the  orifice  in  this  tip  is  of  great  importance,  as  it 
ontrols  the  resistance  in  the  mixing  chamber  to  the  flow  of  oxygen, 
nd  therefore  controls  the  proportion  of  the  two  gases.  As  is  well 
nown,  the  amount  of  fluid  sucked  by  an  injector  is  proportional 
>  the  square  of  the  velocity  of  the  propelling  fluid.  It  is  therefore 
ssential  that  the  flow  of  oxygen  should  not  vary  or  the  proportion 
f  acetylene  would  not  be  constant.  For  the  low  pressure  torch 
liis  proportion  is  1.7  oxygen  to  1.0  of  acetylene  by  volume,  at  at- 
lospheric  pressure  and  any  variation  in  either  direction  will  pro- 
nce  either  an  oxidizing  or  carbonizing  flame.  The  flame  should, 
heref ore,  be  carefully  watched  as  the  orifice  in  the  tip  may  be  ex- 
panded by  the  heat  being  deflected  onto  the  torch,  or  it  may  be 
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contrac'tfd  by  partidcs  of  iiii'liil  a(]li(.'i'in{,'  1o  llii-  li|>,  tlius  * 
111'  iiiixtiirL'.  Owiiiy  to  tlio  fine  adjiisfmciit  of  the  iii.ji.Tti 
turches  iiri'  ot'ti-n  made  willmtLt  iiiiy  iiiwiiis  ot!  vnr; 
i/e  of  the  flaiiH',  it  l)i'iiiK  iiw.'ssary  to  iliscmLii.'ct  tin-  t.u 
e  Ikwc  jtni]  sitlistiditi.'  aiinllLi.T  oni',  wlii'ti  it  ix  desired  In 
Illlllllier  of  tiiri'lies  Iieiiij;  reiinii'i'd  if  it  i;i  llei-essai-y  Id 
ill  fliisws  of  work.     Owiii^'  to  the  low  pressure,  tlie  s|.ef 
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i2.— Complete  Welding  OutSt  Suitable  for  Repair  Sbop  I 
Note  Appearance  of  Automatic  Bettucins  Valve. 
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suing  mixture  is  very  little  above  the  speed  of  the  propagation 
:  the  flame  and  **baek  fires"  frequently  occur,  the  gas  has  then 
►  be  turned  oflf,  lighted  again  and  the  mixture  readjusted.  The 
•dinary  acetylene  lighting  generator  supplies  gas  at  a  pressure 
litable  for  use  with  this  torch. 

In  the  medium  pressure  torch,  both  the  acetylene  and  oxygen 
•e  under  an  appreciable  pressure,  which  results  in  a  constant  mix- 
ire  under  all  conditions,  the  proportion  being  1.00  of  acetylene  to 
3  of  oxygen.  The  mixture  is  regulated  by  holes  at  the  inner  end 
:  the  detachable  tip,  and  is  not  affected  by  any  variation  at  the 
iter  orifice.  .  The  pressure  of  each  gas  is  kept  constant  as  required 
f  adjustable  reducing  valves  in  the  pipe  lines.  The  speed  of  the 
IS  is  greater  than  in  the  low  pressure  torch  and  back  firing  is  prac- 
eally  eliminated.  If  the  flame  goes  out,  it  can  be  relighted  with- 
it  altering  the  gas  adjustment. 

Sources  of  Oas. — The  source  of  oxygen  and  acetylene  gas  sup- 
ly  is  a  question  which  requires  careful  consideration  for  each  in- 
cvidual  case  separately.  It  can  either  be  generated  at  the  plant,  or 
m  be  shipped  in  steel  cylinders  from  one  of  the  several  companies 
ho  are  generating  and  compressing  it. 

The  points  to  be  considered  are : 

1.  The  transportation  charges  for  the  compressed  gas  and  cost 
r  the  cylinders. 

2.  The  quantity  of  gas  used  and,  therefore,  the  number  of  cylin- 
iTB  that  would  be  required  to  contain  it. 

3.  The  regularity  of  the  consumption,  depending  on  the  regu- 
rity  of  the  work,  and  also  of  its  size. 

4.  The  cost  of  generating  the  oxygen  at  the  plant. 

The  first  depends  upon  the  locality  and  shipping  facilities,  as 
^  as  in  the  quantity  of  gas  that  will  be  used.  The  second  also 
ypends  on  the  first,  with  the  consideration  that  the  cost  of  cylin- 
^rs  might  equal  or  exceed  the  cost  of  the  generating  plant. 

The  third  might  necessitate  the  generation  of  oxygen  at  the 
anty  anyway,  particularly  if  repairs  were  the  principal  work 
itried  out  as  unless  the  supply  of  work  were  regular  and  all  of 
dall  size,  one  could  not  depend  on  keeping  a  sufficient  supply  of 
cygen  on  hand,  and  this  class  of  work  is  generally  required  in>- 
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mediately,  and  cannot  therefore  wait  for  shipments.  Tlie 
depends  on  the  quantity  of  the  chemical  that  could  be  bougl 
time  and  the  cost  of  its  transportation,  and  also  on  the  a 
of  establishment  cliarges  that  would  be  figured  in. 

It  will  be  evident  that  the  best  method  for  the  garage 
shop  is  that  which  involves  the  least  expenditure  as  the  amc 


Fig.  153. — Toich  for  AutaKsnona  Welding  and  Tips  for  Same  it  A. 
beating  Torch  at  B.  ForUble  Welding  Ontflt  on  Wbeeled  1 
Shown  at  Bottom  of  the  Blustratlon. 


work  done  would  not  be  sufficient  to  warrant  the  installflti 
an  oxygen  generating  plant  using  the  usual  mixture  of  chlor 
potash  and  manganese  dioxide.  The  acetylene  gas  may  be  P 
obtained  through  the  almost  universal  Presto-lite  service  uti 
gen  cylinders  are  also  easily  available. 

The  matter  of  cost  of  welding  by  the  ozy-acetyleoe  proce 
pends  upon  many  factors,  and  estimates  can  only  be  giTwi  l 
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lirman  after  he  has  had  considerable  experience  with  the  pro- 
Some  work  requires  preheating  and  careful  manipulation, 
?  must  be  clamped  to  prevent  distortion,  in  such  cases  the  cost 
lie  jig  or  fixture  is  apt  to  cost  more  than  the  welding. 

CAPACITY    OF   CYLINDERS 
AH  cylinders  are  charged  at  150  lbs.  pressure 


Diameter 

Lenfrth. 

Capacity, 

Weight, 

Inches 

Inches 

Cubic  Feet 

Pounds 

7 

24 

50 

50 

8 

30 

80 

75 

10 

30 

125 

105 

12 

36 

225 

120 

14 

48 

400 

349 

16 

48 

500 

435 

rhe  following  table  gives  an  approximate  idea  of  the  cost  of 
ling  under  the  conditions  stated : 


APPROXIMATE    COST    OF   OXY-ACETYLENE    WELDING 

ygen  at  three  cents.    Acetylene  at  one  cent  per  cubic  foot.     Labor  at 

30  cents  per  hour. 


Thickness 
of  Metal 

Consuinp- 

tionoz 
Acetylene 
per  Hoar 

Consump- 
tion of 
Oxyffen 
per  Hour 

Linear 

Feet 

Welded 

per  Hour 

Cost  of 

Labor 

per  Hour 

Total 

Cost 

per  Hour 

Cost  per 

Linear 

Foot 

i  upward 

Feet 

2.8 
4.5 
7.5 
11.7 
18.0 
25.0 
32.5 
48.5 

Feet 

3.6 

5.7 

9.7 

15.0 

23.0 

32.0 

41.5 

62.0 

Feet 
50 
30 
25 

16 
10 

7 
5 

•   • 

CenU 
30 

30 
30 
30 
30 
30 
30 

•  • 

$0.43 
0.51 
0.66 
0.86 
1.17 
1.51 
1.87 
2.64 

$0,008 
0.017 
0.026 
0.045 
0.117 
0.216 
0.374 

jistmetjoxis  for  Operating. — The  iotto^m^  it^X^vv^nSsscl^  ^ctfc 
1  from  the  literature  of  the  Welding  Appatatw^  C»«t£v^^\s^  ^"^ 
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Toledo,  Ohio,  and  while  intended  to  apply  to  the  **MoMiti 
welding  outfits  manufactured  by  this  concern,  the  processes! 
be  followed  with  almost  any  of  the  garage  type  welding  outi 
offered  by  reputable  manufacturers. 

1.  See  that  all  gas  connections  are  tight,  using  soap  snds 
discover  leaks,  if  any. 

2.  Upper  side  of  torch  is  for  oxygen.  Acetylene  connect 
should  be  made  to  lower  side  of  large  handle. 

3.  When  all  connected  up  ready  to  light  torch,  turn  regulai 
out,  so  there  is  no  tension  on  spring  and  they  are  closed.  T 
turn  both  tank  valves  open  full.  Open  both  valves  on  torch 
full  turn  or  more ;  turn  on  acetylene  slightly  and  light  at  tip ;  t 
turn  on  more  until  blaze  has  left  tip  slightly ;  then  turn  on  0x3 
same  way  until  small  white  inner  cone  is  formed  in  blaze, 
blaze  pops  and  goes  out  this  denotes  that  not  enough  acetylene 
too  much  oxygen,  is  being  used.  The  flame  should  have  a  s 
inner  cone  from  J4  i^c^  to  y^  inch  in  length  with  an  outside  t 
of  larger  proportions. 

4.  Welding  should  be  done  at  the  end  of  the  small  white  ( 

5.  In  case  there  is  a  faint  outline  of  a  larger  cone,  the  acety 
tap  should  be  closed  slightly,  which  will  bring  this  cone  just  ii 
the  small  white  cone,  producing  a  neutral  fiame  proper  for  a 
cessful  welding.     (Opening  oxygen  will  give  same  result.) 

6.  Blow  pipes  are  adjusted  for  the  proper  working  condil 
and  no  sharp  instruments  should  be  used  to  clean  out  the  wel 
tips. 

7.  Practice  should  begin  on  lighter  sections  of  metal  and  g 
ually  work  up  to  the  welding  of  the  heavier  sections. 

8.  When  working  on  heavy  work,  water  should  be  provide* 
which  to  cool  the  welding  tips.  Leave  the  oxygen  tap  open  to 
pel  steam  formed.  Do  not  plunge,  but  dip  several  times  to  g 
ually  direct  the  heat  to  the  tip.  Otherwise  you  may  crack 
WTlding  head. 

Welding  Cast  Iron. — In  welding  cast  iron,  such  as  automc 

cylinders  and  machinery  parts  of  similar  character,  it  is  neceaf 

to  preheat  the  part  vf\v\e\v  \^  \o\ife  ^A^^^Xa  ^\&\ss^i^T%&nse  wl 

is  slightly  below  a  duVi  t^Sl  \i^«X.,  M  XJ^^^  «t^  ^^  i^^fvi^'^teis^^ 
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ig.  154. — Dlnstratlng  Various  Stapa  In  Autogenous  Welding  Operation, 
Sucb  as  Preparation  of  Work  and  Manipulation  of  Torch.  A — 
Method  of  Holding  Oranksliaft  Wlien  Welding  Broken  Wol>.  B— 
Forms  of  arooves  for  Welding  Various  Thicknesses  of  Stock. 
C — Showing  Method  of  Attaching  Beduclng  Valve  to  Gas  Tank. 
D— Method  of  Using  Welding  Bod.  E— Showing  Path  of  Torch  Tip. 
F— Filling  a  Hole  b?  the  Autogenous  Welding  Process. 

iiiretl  by  such  heat.  Tiiis  licat  sliould  be  applied  gradually  and 
len  the  whole  object  Jifls  been  siiffieiently  prtt\wa\e*V,  \\\^  -^iJvftAwt 
be  done.    There  are  two  reasons  for  preVieaVrnft-   '^■\t9.V,*v»  ^■k*'^ 
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CRACKED  CROm 


riE.  455.— lUuBtratInK  Prlncipid  OyUnder  Defacta  that  l&x$  be  Beid 
Bepairad  by  Aatogenous  Welding  I 


gas,  and  si^oiid,  to  relieve  strains,  due  to  uoeven  cxpansioD  i 
contraction  of  tlic  part  boing  welded,  Qreat  care  should  al« 
used  to  sfe  tliat  all  castings  cool  slowly  after  welding,  as  roan; 
good  weld  has  licon  sjviiled  by  too  rapid  cooling.     A  box  of  l" 
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aslies  should  be  provided  in  which  to  bury  the  caBting  bo  it  will 
>1  slowly. 

Method  of  Preheating. — ^Where  city  gas  of  some  kind,  together 
th  compressed  air,  are  both  obtainable  in  the  shop  we  recommend 
ry  highly  a  preheating  blow  pipe  using  this  fuel.  It  makes  an 
;al  outfit  and  in  fact  will  be  found  just  as  eflScient  as  the  other 
theaters  herein  shown,  and  will  answer  any  and  all  purposes 


[g.  456.— Examples  of  Defective  Oylinders  Uut  Were  BepAlred  by 
Autogenotu  Piocein.  Cylinder  Fluiga  at  tlie  IiOft  was  Bepalrod  «t  a 
Omt  of  97.G0;  Cracked  down  and  Water  Jacket  at  tlie  Bight  B»- 
paired  at  a  Cost  of  (12. 


which  the  oil  burning  preheaters  might  be  applied.  Of  course, 
lere  fuel  gas  and  air  are  not  both  obtainable  in  one  shop  we 
;ommend  the  oil  burning  outfit  shown,  although  they  are  slightly 
;her  in  price,  but,  as  stated  above,  where  the  shop  is  so  situated 
to  be  fortunate  enough  to  have  both  compressed  air  and  fuel 
9  of  some  kind  the  gas  preheating  torch  will  be  found  to  be  very 
istactory,  as  the  Hrst  cost,  and  also  tl\e  coSt  ol  ■mK«iX««Si<^»'* 
,     The  furnace  or  muffle  is  then  buiU  o?  fiT«  "feriOe.  Vo  ^  * 
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size  for  the  particular  part  we  are  about  to  weld.     A  removal 
cover  is  used  of  asbestos  board  or  sheet  metal. 

After  the  welding  has  been  done,  the  object  should  be  heati 
again  in  a  similar  manner  as  the  preheating  was  done  and  tlu 
allow^ed  to  cool  off  slowly  in  the  muffle.  This  is  necessary  to  prevei 
cracking  due  to  the  local  expansion  and  contraction,  caused  by  H 
local  heat  of  the  welding  flame.  This  method  is  also  useful  i 
obtaining  a  softness  of  the  material  in  the  weld.  This  method  o 
handling  welding  of  cast  iron  will  prove  a  saving  of  from  30  ft 
50%  of  the  cost  of  gases  used  for  welding.  There  is  nothni 
particularly  difficult  in  the  handling  of  the  welding  flame  in  o» 
nection  with  welding  cast  iron,  but  it  should  be  borne  in  mindi 
welding  of  lieavy  sections,  tliat  the  fractured  portions  should  h 
tapered  out  in  order  that  the  welding  can  be  commenced  at  tit 
center  of  the  section,  building  up  as  the  welding  proceeds.  Ate 
is  necessary  for  use  in  welding  cast  iron  and  will  be  found  to  nuH 
tlie  metal  flow  more  readily  and  at  the  same  time,  flux  out  the  an^ 
dirt,  grease,  etc.  Be  sure  that  the  sides  of  the  fracture  are  8 
molten  condition  before  filling  material  is  added. 

Welding  Aluminimi. — The  welding  of  aluminum  requires  ctf 
siderable  skill  and  experience  before  successful  work  can  be  fl 
pected  on  intricate  parts.  The  manner  of  making  the  weld  is  digbtl 
different  from  that  used  with  welding  of  cast  iron,  due  to  fl 
fact,  that  when  aluminum  is  heated,  an  oxide  film  is  formed,  ^ 
prevents  the  metal  running  together  and  forming  a  suitable  vd 
To  overcome  this,  the  aluminum  filling  rods  must  be  inserted  lA 
the  molten  aluminum,  which  is  being  welded,  and  moved  abtf 
rapidly,  something  similar  to  puddling,  in  order  to  break  up  tl 
oxide  film  and  allow^  the  aluminum  to  run  together.  A  flux  h 
also  proven  of  advantage  in  this  connection,  where  before,  prac^ 
cally  all  of  this  work  was  done  without  the  use  of  a  flux.  A  larg 
tip  is  necessary  for  welding  a  section  of  aluminum  than  would 
required  for  the  same  section  of  steel  or  cast  iron.  This  is  due 
the  fact  that  aluminum  conducts  heat  away  very  rapidly.  ^ 
the  proper  size  tip  in  use,  it  is  necessary  to  melt  a  considenl 
portion  of  aluminum,  which  is  being  held  in  shape  by  the  fired 
form.    \ow  tlio  extra  metal  can  be  added  from  the  filling  rod  M 
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puddled  with  this  rod  to  break  the  oxide  film  whidi  formf 
Dinum  is  melted.  A  flux  has  been  provided  for  use  in 
ctioD  and  will  be  found  very  valuable  for  breaking  up 
In  fact,  by  nEdi^  this  flux,  bosses  can  readily  be  built 
r  desired  point.  This  is  something  that  could  not  be 
re  a  flux  for  welding  aluminum  came  into  general  use. 
^cautions  should  be  taken  to  have  the  work  securely 
)r  harnessed,  for  instance,  when  welding  a  hole  in  the 


(^LQW£R   HALF 

^^^                 Hi 

^•^  * 

\^            SUPPORTS 

^gggss" 

f  ^UPPER  HALF 

-Exunpl«  of  ft  Broken  Orank  Case  Bepalred  \tj  Antogsnoua 
Wflldlng  Pioceu  at  ft  Cost  of  936. 


3rank  case,  it  is  customary  to  clamp  a  shaft,  which  ap- 
)  the  size  of  the  bearings  (plus,  of  course,  the  thickness 

metal  bearings,  which  would  melt  out  when  preheating,) 
rank  case  bearing  supports,  in  order  to  insure  perfect 

of  the  bearings.  Angle  irons  are  bolted  to  the  flanges 
nection  is  made  to  the  other  half  of  the  crank  case  in 
isure  perfect  alignment  of  this  part. 


••fc  *■.•=-       ■^*~    ,SiK  ' 
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It  is  good  practice  to  place  a  sheet  of  paper  on  the  inside  oi 
case  next  to  the  crack  to  be  welded.  This  paper  prevents 
fire  clay  from  getting  into  the  crack.  Upon  this  is  placed  fire 
in  plastic  condition  which  is  held  in  place  by  means  of  a&h 
fiber.  This  makes  a  light  backing  or  mold  for  the  case  and 
be  easily  handled  without  fear  of  the  mold  or  core  being  so  h( 
as  to  break  down  the  case  when  lieated  for  welding.  This  i 
should  be  large  enough  to  cover  sufficient  area  around  the  c 
so  that  the  aluminum  will  not  break  down. 

Aluminum  parts  must  always  be  preheated  and  handled 
similar  manner  as  automobile  cylinders,  as  outlined  before, 
the  exception  that  aluminum,  of  course,  should  not  be  heate 
such  a  high  temperature,  on  account  of  the  fact  that  with]] 
degrees  .C.  of  the  melting  point,  the  metal  is  very  brittle 
without  strength.  It  is  customary  to  heat  up  these  cases  thoroa 
until  they  will  melt  half  and  half  solder  in  wire  form.  Thk 
perature  is  about  right  to  prevent  cracking  occurring  on  aec 
of  expansion  and  contraction  and  at  the  same  time,  the  alnmi 
will  possess  sufficient  strength  so  that  with  ordinary  handling 
trouble  is  experienced  with  alignment  or  failure  of  the  part 

Welding  Malleable  Iron. — Parts  of  malleable  iron  are  han 
in  much  the  same  manner  as  cast  iron  parts  in  preparation 
welding.  It  is  customary  to  re-enforce  the  malleable  iron  wd 
much  as  possible  by  building  up  the  section  at  the  fracture. 
filling  material  used  is  usually  nickel  steel  in  the  bottom  of 
weld,  finishing  the  top  surface  with  cast  iron  rod.  The  la 
runs  better  and  makes  a  smoother  finish. 

In  some  instances  you  may  find  that  the  fracture  will  be  thro 
a  tapped  opening,  in  which  case,  it  will  be  necessary  to  cape 
portion  out  entirely,  making  a  much  larger  opening  than  the  1 
itself  and  then  filling  this  with  cast  iron,  using  the  same  precani 
in  welding  cast  iron  to  have  this  portion  soft.  "Wherever  the  tii 
is  made  between  filling  material  used  and  the  malleable  iroOti 
will  find  this  so  hard  that  it  will  be  impossible  to  drill  or  mad 
in  any  way  except  by  grinding. 

In  some  cases  in  making  repairs  on  malleable  iron  parts,  i 
even  necessary  to  strap  these  parts  by  means  of  wrought  in» 
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teel  straps  welded  to  the  body  of  the  casting.  In  any  event,  bear 
1  mind  that  the  heat  necessary  to  melt  the  malleable  iron  will 
estroy  the  properties  of  the  malleable  iron,  which  were  put  into 
le  part  when  annealed  in  the  furnace.  Consequently  it  is  nec- 
«ar>'  to  use  a  stronger  filling  rod  and  increase  the  section. 


r*lc.  45&— Ezamplei  of  S«palTB  Accomplished  ^j  AntOgflDOiu  Weld- 
ing Proceis.  A--Orackod  W&t«r  Juket  E«stored  ftt  a  Oost  of  K.60. 
B — Now  Motal  Applied  to  BeplAce  Broken  Teeth  on  Trvuntlaalon 
Oear  at  Cost  of  11.50.  0 — Cylinder  Water  Jacket  Bepalr  OoetUig 
912.  D — How  Worn  Eeyway  on  Steering  Sector  was  Filled  wltb 
New  Metal  for  Becnttlng  at  Coat  of  I1.2S.  £ — How  Worn  Spedml 
Steel  Bushing  was  Bestored  to  Efficiency  by  Filling  Groores  wltb 
Hetal  St  Oort  of  «1.26. 


Welding  Brass  and  Bronze. — The  preparation  of  brass  and 
'Onze  castings  for  welding  is  similar  to  that  for  cast  iron  castings. 
%c  fracture  must  be  caped  out  so  that  the  welding  can  start  at 

0  center,  the  groove  being  filled  with  metal  melted  from  filling 
^    The  filling  rod  should  be  of  approximately  the  same  mixture 

1  the  part  to  be  welded.    Brass  should  never  be  used  as  filling 
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material  for  bronze  castings,  and  a  strong  weld  expected.  I 
dered  borax  or  boric  acid  may  be  used  as  a  flux,  A  mixture  o 
borax  and  J4  boric  acid  gives  good  results.  In  welding  bras 
bronze  the  work  is  carried  out  as  for  welding  cast  iron.  The  n 
surrounding  the  groove  is  melted  and  the  filling  material  ad 
drop  by  drop,  as  it  is  melted  from  the  rod.  Be  sure  the  meU 
the  casting  is  in  a  molten  condition,  otherwise  an  imperfect ' 
will  result.  Brass  welds  can  be  easily  spoiled  by  burning  the 
out  of  the  composition.  Care  should  be  taken  not  to  heat  bei 
the  melting  point.  Flux  should  be  used  freely.  If  the  we 
portion  has  been  burned,  it  will  be  exceedingly  porous.  ^ 

Qeneral  Hints. — ^Be  sure  the  welding  flame  is  neutraL  Be . 
the  part  to  be  welded  is  set  up  properly.  A  poor  set  up  may « 
the  best  weld  for  practical  use.  Proper  heat  treatment  before 
after  welding  is  as  important  as  good  welding,  when  intricate  < 
ings,  such  as  cylinders  and  crank  cases  are  being  repaired.  A^ 
hard  spots  in  cast  iron  welds  by  preheating  before  and  annea 
afterward.  Take  care  in  using  sufficient  heat  in  welding  and  do 
make  the  union  between  casting  and  filling  material  too  sharp 
defined.  Do  not  allow  drops  of  metal  to  fall  on  partially  ma 
metal.  Use  the  best  grade  of  filling  material.  The  best  are  d 
too  good  when  all  the  expense  of  the  repair  may  be  lost  by  a  ^ 
weld.  When  preheating  aluminum  castings  for  welding,  do  not 
tempt  to  heat  in  one  place  only.  Keep  the  burner  mo^'ing  to  spx 
the  heat  uniformly.  In  welding  steel  be  careful  that  the  metal  al 
the  weld  does  not  weld  together  and  leave  a  space  that  is  not  wel( 
A  *'V"  shaped  groove  will  prevent  this.  The  accompanying  il 
trations  show  clearly  the  apparatus  and  method  of  manipuU 
the  torch  in  doing  various  classes  of  repair  work,  also  some  typ 
automobile  parts  that  can  be  saved  by  the  welding  process  and* 
of  accomplishing  the  work.  The  photographs  of  automobile  p 
were  furnished  by  Henry  Cave,  of  The  Welding  CJompany,  Spri 
field,  Mass.,  one  of  the  leading  authorities  on  this  subject. 

Treatment  of  Steel,  Annealing. — ^Many  varieties  of  sted 
hard  when  the  process  of  manufacture,  especially  if  rolling 
hammering  is  involved,  is  completed,  these  being  principaliji 
and  special  metals.    In  order  that  they  may  be  worked  witl 
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ich  trouble  by  ordinary  machine  tools  it  is  imperative  that 
e  soft,  and  this  condition  is  obtained  by  a  process  known  as 
ing.  While  steel  can  usually  be  bought  annealed  cheaper 
k  can  be  treated  at  the  factory  or  shop  where  it  is  to  be 
ledy  sometimes  conditions  materialize  that  make  it  necessary 
eal  metal  to  facilitate  work  and  to  reduce  stresses  upon  the 
16  which  completes  the  finished  product.  This  process  not 
akes  the  steel  softer,  but  also  removes  the  internal  strains,  or 
idency  of  the  metal  to  crack  and  spring  when  hardened* 
rains  are  caused  by  the  rolling  or  hammering  processes  in 
el  mill  or  forge  shop.  When  the  metal  is  a  forging  or  blank 
rly  finished  size,  it  is  customary  to  remove  part  of  the  sur- 
f  taking  several  rough  cuts,  after  which  the  piece  is  ready 
aealing.  In  order  to  soften  steel  it  is  necessary  to  heat  it  ta 
>rm  red  heat  and  allow  it  to  cool  slowly,  which  process  can 
•ied  on  by  several  methods. 

c  Annealing. — The  method  commonly  followed  when  the 
are  of  large  size  is  known  as  box  annealing,  and  for  thia 
ent  it  is  necessary  to  have  an  iron  box  and  furnace  of  suffi- 
apacity,  as  it  must  be  obvious  that  to  do  this  work  in  a  man^ 
mmercially  practicable  it  will  be  essential  to  treat  a  consid* 
quantity  at  the  same  time.  These  are  placed  in  the  contain^ 
packed  in  wood  charcoal  which  has  been  ground  or  pounded 
nail  pieces.  A  layer  of  this  material  is  first  placed  on  the 
of  the  box  to  a  depth  of  an  inch,  and  then  follows  a  layer 
steel,  then  another  layer  of  charcoal,  then  more  steel  and 

i  pieces  of  metal  should  not  come  within  a  one-half  inch  of 
ther  or  within  an  inch  of  the  walls  of  the  container  at  any 
and  the  spaces  should  be  filled  with  charcoal,  the  metal  being 
i  with  another  layer  of  packing  material  about  an  inch  in 

This  method  of  packing  is  repeated  until  the  box  is  filled,, 
sing  taken  that  all  pieces  do  not  touch  each  other  or  the 
sdls.    A  tight-fitting  cover  is  then  applied  and  the  seams  are 

to  exclude  the  direct  heat  of  the  furnace,  by  fire-clay. 
I  test  wires  are  placed  through  the  top  of  the  box,  which 
thdrawn  from  time  to  time  to  see  if  the  contents  are  of  thp 
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proper  temperature.  The  heat  should  be  maintamed  a  s 
len^h  of  time  to  insure  a  uniform  temperature,  and  the  ' 
the  pieces  should  not  be  allowed  to  go  over  a  full  red.  A 
box  and  contents  have  been  maintained  at  the  desired  tem[ 
for  the  proper  langth  of  time,  the  heat  is  shut  off  and  th 
allowed  to  cool  slowly,  the  metal  being  left  in  the  contain 
cold. 

Two  Simple  Hethoda. — Often  in  shops  there  are  no  f 
for  box  annealing  and  other  methods  may  be  used,  thoi 


Fig.  459. — Examples  of  Heat  Tieatlng  rnnutcra.     . 

nace.     B — Lead  Fot  Furnace  for  TamporlnK.     O — Oartntzli 
Case  Hardening  Mttffle 

work  is  not  so  uniform  as  by  the  treatment  previously  de 
In  one  of  these,  the  metal  to  be  treated  is  heated  in  a  foi^ 
nace  until  a  uniform  red,  and  then  placed  on  a  piece  ot  b 
an  iron  boi,  the  wood  resting  upon  a  bed  of  ashes  several 
duep.  A  second  piece  of  board  is  placed  on  the  pieces,  i 
whole  covered  with  ashes.  Tlie  pieces  of  wood  will  smooli 
maintain  tlie  metal  at  a  high  temperature  for  aome  time.  . 
common  method  of  annealing  is  to  heat  the  pieces  to  a  red  h 
merely  bury  tliem  in  ashes,  which  is  apt  to  give  luuatiafae 
suits  unless  the  ashes  are  also  heated  wbich  can  be  euily 
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bed  by  burying  a  large  piece  of  heated  iron  in  the  annealing 
.  When  the  steel  has  been  sufficiently  raised  in  temperature  this 
le  of  iron  is  removed  and  the  steel  part  buried  in  its  place. 

whole  secret  of  successful  annealing  is  to  gradually  heat  and 
.  the  metal  to  be  treated ;  and  the  more  gradually  and  uniformly 

temperature  rises  and  falls,  the  better  the  character  of  the 
k. 

Hardening. — ^After  the  parts  have  been  machined  to  the  finished 
learly  finished  size,  approved  practice  is  further  heat  treatment 
lither  toughen  or  harden  the  steel.  The  amount  and  character 
treatment  depend  largely  upon  the  use  for  which  the  piece  is 
mded  and  the  composition  of  the  material.  Steel  may  be  hard- 
d  by  several  processes,  the  most  common  of  which  is  raising  it 
I  low  red  heat  or  dull  cherry  red  and  plunging  it  in  some  cool- 
dnedinm  such  as  water,  brine  or  oil,  or  by  case  hardening,  which 
pdy  acts  on  the  surface  of  the  metal. 

Steel  should  never  be  heated  to  a  temperature  greater  than  re- 
red  to  give  the  desired  result,  and  the  degree  varies  with  the  com- 
ition  of  the  steel  as  relates  to  the  carbon  content,  the  size  and 
pe  of  the  piece  and  the  purpose  for  which  it  is  to  be  used.  Much 
lends  upon  heating  uniformly ;  the  edges  and  comers  should  be 
hotter  than  the  center  and  the  interior  should  be  of  the  same 
iperatnre  as  the  surface.  If  this  precaution  is  not  taken  the 
kal  may  crack  in  the  cooling  bath,  because  uneven  changes  take 
ce  in  the  molecular  structure.  If  heated  in  an  ordinary  forge 
rare  that  no  air  from  the  blast  strikes  it,  which  will  prevent  uni- 
n  heating.  When  uniformly  heated  it  should  be  plunged  in  a 
li  to  give  it  proper  hardness.  It  must  be  worked  up  and  down 
idly  in  the  bath  to  prevent  the  film  of  steam  forming,  which 
Jd  surround  it  if  kept  in  one  position  and  prevent  proper  con- 
;  with  the  cooling  fluid.  If  the?  piece  is  long  and  slender  it  must 
noved  up  and  down,  but  if  short  and  with  teeth  on  the  outer 
e,  as  a  milling  machine  cutter  it  should  be  agitated  rapidly  that 
teeth  will  be  cooled  uniformly.  If  it  is  flat  and  has  a  hole 
mgh  it,  the  walls  of  which  must  be  hard,  it  should  be  so  moved 
t  the  liquid  of  the  bath  passes  through  the  aperture  and  at  the 
te  time  strikes  both  faces.  Tool  steel  should  always  be  hardened 
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at  a  temperature  (about  1350  to  1450  degrees)  which  leave 
grain  when  the  piece  is  broken,  which  can  be  determined  b 
ening  and  breaking  a  small  piece  from  the  same  bar  as  t 
is  to  be  made.  A  coarse  grain  denotes  a  higher  temperati 
is  permissible.  An  excellent  bath  for  hardening  small  [ 
made  by  dissolving  one  pound  of  citric  acid  crystals  in  on 
of  water.  The  container  should  be  tightly  closed  when  no 
to  prevent  loss  by  evaporation. 

HEAT    DETERMINATION   BY    COLOR 


Desrrees  F. 

Decrrees  C. 

752 

400 

885 

474 

975 

525 

1077 

581 

1292 

700 

1472 

800 

1652 

900 

1832 

1000 

2012 

1100 

2192 

1200 

2372 

1300 

2552 

1400 

2732 

1500 

Color  of  Heats 


Red-visible  in  the  dark.  ) 
Red-visible  in  twilisrht.  >  Ter 
Red-visible  in  daylisrht. ) 
Red-visible  in  sunlisrht.  }  *«« 
Dark  red.  \  ^^ 

Dull  cherry  red.     Hardening:. 

Orangre  red.        ) 
Orangre  yellow.  [-Porfirina:. 
Yellow  white.    ) 
White -welding:. 
Brilliant  white. 


Pack  Hardening^. — Pack  hardening  is  the  method  ei 
with  pieces  that  cannot  be  treated  by  the  ordinary  process 
out  risk  of  springing  or  cracking  them.  The  article  is  p« 
an  iron  box  with  some  carbonaceous  material  and  subjects 
action  of  lieat  to  cause  it  to  absorb  enough  carbon  to  enable 
ing  in  an  oil  bath.  While  this  treatment  is  not  generally  u 
suitable  for  a  number  of  different  tools,  such  as  milling  cut 
taps  or  dies  which  must  be  hardened  without  altering  the  c 
or  pitch.  The  usual  material  employed  is  charred  leathe 
is  mixed  with  an  equal  quantity  of  wood  charcoal,  both  n 
being  reduced  to  particles  about  the  size  of  a  pea,  or  small 
pieces  are  placed  in  a  container  and  packed  in  the  manne 
box  annealing,  and  as  is  the  case  with  that  process  it  is  just 
to  treat  a  number  of  pieces  as  it  is  one,  providing  the  box  be 
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Bt  capacity.  The  pieces  should  be  wired  with  ordinary  iron 
SB  of  sufficient  size  to  sustain  the  weight  of  the  piece  when 
Ited,  and  one  end  of  the  wire  should  be  covered  with  a  luting 
fire  clay.    Several  holes  should  be  drilled  in  the  cover  for  test 


The  box  is  placed  in  the  furnace  and  heated  sufficiently  (about 
iO  to  1700  degrees)  to  charge  the  parts  with  carbon,  which  varies 
h  the  character  of  the  parts  treated.  For  instance  with  a  piece 
>ne-balf  inch  diameter  or  under  the  heat  is  maintained  for  about 
:  and  one-half  hours,  while  pieces  from  two  to  tliree  inches  in 
meter  must  be  heated  for  two  and  one-half  to  four  hours  after 
parts  have  become  red  hot.  When  the  box  has  been  maintained 
the  required  temperature  for  the  correct  period,  it  is  removed 
m  the  furnace  and  the  cover  taken  off.  The  parts  are  then  re- 
ired  by  means  of  wires  attached  to  them  and  immersed  in  a  bath 
raw  linseed  oil.  They  should  be  moved  about  in  the  liquid 
il  the  red  has  disappeared  and  are  then  lowered  to  the  bottom 
I  allowed  to  remain  immersed  until  cold.  When  a  piece  of  steel 
\  inch  in  diameter  or  larger  is  hardened,  it  should  be  immedi- 
ly  reheated  over  a  fire  after  cooling,  to  prevent  cracking,  which 
old  be  caused  by  molecular  changes  which  take  place  after  the 
er  surface  is  hardened  and  unable  to  yield  to  unequal  strains. 
beating  the  surface  to  a  temperature  of  about  212  to  300  degrees 
brenheit  will  accomplish  the  desired  result  without  materially 
tening  the  steel. 

Tempering. — The  hardening  of  a  cutting  tool  makes  it  too 
ttle  to  stand  up  well  in  use,  and  consequently  it  is  netcessary  to 
ten  it  somewhat.  This  operation  is  known  as  drawing  the 
iper  and  is  accomplished  after  the  part  has  been  quenched  by 
eating  to  a  proper  temperature,  which  is  ordinarily  determined 
the  color  on  the  surface  of  the  tool,  which  must  be  brightened 
▼ions  to  this  operation.  As  the  metal  is  raised  in  temperature 
ght,  delicate  straw  color  will  appear,  and  then  in  order,  as  deep 
iw,  light  brown,  darker  brown,  light  purple,  dark  purple,  dark 
$,  light  blue,  blue  tinged  with  green  and  black.  When  black 
ears  the  temper  is  gone.  These  colors  furnish  a  guide  to  the 
perature  and  condition  of  the  hardened  steel.     A  table  pre- 
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;ed  herewith  gives  the  color  and  corresponding  temperature  at 
eh  the  various  tools  mentioned  are  best  quenched.  When  work 
jmpered  in  large  quantities  the  above  method  is  expensive,  and 
ot  as  reliable  as  when  the  articles  are  heated  in  a  kettle  of  oil, 
ig  a  thermometer  for  indicating  the  temperature.  A  piece  of 
Eorated  metal  is  used  to  keep  pieces  away  from  the  bottom  of 
kettle,  though  a  wire  basket  will  serve  the  purpose  even  better, 
soon  as  the  parts  are  raised  to  the  required  temperature  they 
quenched  to  harden. 

Case  Hardening. — ^When  an  article  of  wrought  iron  or  low 
bon  steel  is  to  have  a  hard  surface  it  is  not  possible  to  treat  it 
merely  quenching,  as  there  is  not  enough  carbon  in  the  steel  to 
ore  proper  hardening.  The  process  of  treating  such  materials 
blown  as  case  hardening  and  consists  of  covering  the  surface 
Be  red  hot  with  some  material  which  forms  a  coating  or  case 
il,  which  can  be  hardened  by  quenching,  as  in  previous  processes. 
lU  parts,  such  as  nuts,  bolts,  cones,  etc.,  may  be  case  hardened 
heating  red  hot  and  covering  with  a  thin  layer  of  powdered 
lide  of  potassium,  and  when  this  melts,  the  article  is  again 
:ed  to  a  red  heat  and  plunged  in  water.  While  the  above  pro- 
is  suitable  for  hardening  a  few  small  pieces  it  is  not  recom- 
ded  for  large  quantities  of  work,  as  the  results  would  not  be  uni- 
a  and  the  process  would  be  too  expensive.  If  many  small  pieces 
to  be  case  hardened  at  the  same  time,  they  may  be  treated  in 
4  the  same  manner  as  in  box  annealing.  Granulated  raw  bone, 
I  granulated  charcoal  should  be  mixed  in  equal  proportions  and 
lyer  of  this  mixture  placed  in  an  iron  hardening  box  to  the  depth 
one  or  one  and  one-half  inches.  A  layer  of  the  articles  to  be 
ited  is  then  placed  in  this  and  these  are  covered  with  more  ma- 
al,  the  same  care  being  observed  in  packing  and  with  regard  to 
pieces  as  with  other  processes.  After  the  container  has  been 
ed  it  is  placed  in  a  hardening  furnace  and  the  temperature 
ntained  at  a  point  which  will  keep  the  pieces  at  a  red  heat  for 
iods  varying  with  the  degree  of  the  surface  hardening  desired, 
erally  carbon  will  penetrate  the  surface  of  wrought  iron  or  soft 
1  one-eighth  inch  in  24  hours,  but  as  it  is  seldom  necessary  to 
den  any  deeper  than  one-thirty-second  inch,  the  work  may  be 
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taken  out  after  four  or  five  hours.  With  small  pieces  the  coi 
may  be  emptied  into  a  tank  through  which  there  is  a  constant  < 
lation  of  water.  If  great  toughness  is  required,  the  packing 
terial  is  sifted  out  and  the  pieces  immersed  in  oil.  Large  ] 
must  be  dipped  one  at  a  time  and  can  be  wired  so  that  the; 
be  removed  from  the  hardening  box  when  desired.  There  has 
great  development  of  late  in  scientific  heat  treatment,  thougl 
not  within  the  province  of  this  treatise  to  discuss  these  in  c 
the  processes  which  have  been  described  being  those  which  2 
particular  interest  to  the  practical  mechanic  or  repairman. 

Distinguishing  Steel  From  Iron. — ^While  nitric  acid  has  1 
feet  upon  the  brightness  of  iron,  it  will  produce  a  black  sp 
steel,  and  the  darker  the  spot  the  harder  the  steel.  Qood  steel, 
in  th6  soft  state,  has  a  curved  fracture  and  a  uniform  gray  1 
but  in  the  hard  state  it  is  a  dull  silvery  uniform  white.  Crac 
threads  denote  inferior  quality.  Good  steel  will  not  bear  a 
heat  without  falling  to  pieces,  and  will  crumble  under  the  ha) 
at  a  bright  heat,  while  at  a  mild  red  heat  it  may  be  drawn  c 
a  point.  Iron  cannot  be  hardened  as  its  carbon  content  i 
low. 

Hardening  Steel  Tools. — ^One  of  the  best,  if  not  the  best, 
positions  for  hardening  steel  tools  for  cutting  iron  or  wood,  or 
steel,  is  the  following :  To  one  gallon  of  common  fish  or  wha 
add  one  pound  each  of  beeswax  and  resin.  When  this  has 
thoroughly  mixed  by  boiling  and  stirring,  heat  the  steel  raiti 
scale  rises  a  little ;  then  immerse  in  the  boiling  oil.  When  cool, 
over  a  clean  fire  until  cherry  red,  and  immerse  in  cool  oil.  1 
hardens  steel,  whereas  beeswax  and  tallow  toughen  it.  If 
preferred  to  temper  in  daylight,  clean  the  steel,  polish  it,  and 
to  the  color  desired. 

Temperatures  for  Tempering. — The  following  table  give 
required  temperature  in  Fahrenheit  degrees  to  produce  « 
colors,  when  tempering  hardened  steel: 

Lathe,  shaper  and  planer  tools: 

430.     Very  light  straw. 
450.    Light  straw. 
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ilpf,  dies  and  wood  turning  tools: 

470.    Dark  straw. 
490.    Very  dark  straw. 

^SatchetSy  chisels,  etc.: 

500.    Brownish  yellow. 

520.    Yellow,  tinged  with  purple. 

530.    Light  purple. 

tarings,  etc.: 

550.    Dark  purple. 
570.    Dark  blue. 

Molten  Metals  Produce  Desired  Heat. — The  following  table 
tarn  the  proportional  parts  of  lead  to  one  pound  of  tin,  which 
ahen  melted  will  have  the  required  temperature  to  produce  certain 
|riors  on  hardened  steel,  by  simple  immersion : 

TEMPERATURE 

Color  F.  DesreM  Froporttons 

Very  light  straw 430  1%  to  1 

Light  straw   450  2%  to  1 

^     Dark  straw 470  2%  to  1 

Very  dark  straw 490  3%  to  1 

«   Brownish  yellow  500  4%  to  1 

Light  purple 530  7%  to  1 

Daric  purple 550  12    to  1 

Dark  blue 670  26    to  1 

WorUiig  Steel  and  Iron. — Steel  never  should  be  kept  hot 
9Dger  than  necessary  for  the  work  to  be  done,  as  if  left  too  long 
if  the  fire  it  will  lose  its  steely  nature  and  grain,  assuming  more 
l^the  qualities  of  cast  iron.  When  steel  has  been  subjected  to 
lit  not  absolutely  uniform  over  the  whole  mass  careful  annealing 
Umld  follow.  Hot  steel  always  should  be  put  in  a  perfectly  dry 
tace  of  even  temperature  while  cooling.  A  wet  floor  might  prove 
ifieient  to  cause  serious  change.  It  is  hard  to  make  the  average 
i/Aer  in  steel  believe  that  very  little  annealing  is  necessary. 
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and  that  a  very  slight  change  is  more  efficacious  than  a  gr 
Iron  heated  and  suddenly  cooled  in  water  is  hardened 
extent  and  the  breaking  strain,  if  gradually  applied,  is  ii 
but  it  is  more  likely  to  snap  suddenly.     If  heated  and 
to  cool  gradually  it  is  softened  and  its  breaking  strain  is 
If  brought  to  a  white  heat  iron  is  injured  if  it  is  not  at  t 


V 


r 


Fig.  460. — ^How  to  Bemove  Dents  from  Sheet  Metal  Objects  i 
Methods  of  Bending  Steel  Tubing  and  Pipe. 


time  hammered  and  rolled.  Case  hardening  bolts  weaker 
to  some  extent. 

Annealing  Cast  Iron. — To  anneal  cast  iron  heat  it  in 
charcoal  fire  to  a  dull  red,  cover  it  with  about  two  inches 
charcoal  and  spread  over  all  a  layer  of  ashes.  It  should 
until  cold.  Hard  or  chilled  cast  iron  can  be  softened  sofl 
in  this  manner  to  be  filed  or  drilled. 

Bending  Pipe  and  Tubing. — Tubing  is  widely  used  in  1 
struction  of  the  automobile  and  its  parts,  and  the  repairnii 
sometimes  desire  to  make  a  bend  to  replace  a  defective  com 
such  as  a  water  or  gas  inlet  or  exhaust  pipe,  which  has 
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*ed  and  dented.  Tubing  is  made  of  many  materials,  copper, 
and  steel  being  the  most  common.  It  may  be  either  hard  or 
lied,  depending  upon  the  use  for  which  it  is  intended.  The 
1  or  temper  of  seamless  tubing  is  very  important  and  should 
•efully  considered  before  bending.  All  seamless  tubes,  regard- 
f  tlie  metal  of  which  they  are  made,  after  being  cold  drawn 
jry  hard  and  inclined  to  be  brittle,  and  have  to  be  annealed 
t  different  requirements.  Tubing  is  furnished  in  three  diflfer- 
impers — hard,  medium  and  soft.  The  hard  tempered  is  used 
>  great  strength,  rigidity  and  stiflfness  are  required  and  where 
ibes  are  not  to  be  manipulated  in  any  way  that  would  change 
form.  The  medium  temper  is  used  where  strength  and  tough- 
ire  needed  and  where  only  slight  or  medium  change  of  form 
uired.  The  soft  is  used  where  the  tubes  must  be  manipulated 
rhere  such  decided  change  of  form  is  required  that  it  demands 
!e  and  pliable  material. 

man  not  a  mechanical  expert  is  not  expected  to  know  the 
ent  grades  of  tubing,  and  in  procuring  this  product  the  mis- 
is  often  made  of  buying  tubing  which  is  not  suitable.  A  file 
ell  the  mechanic  of  the  degree  of  hardness  and  proper  allow- 

are  made  when  it  is  desired  to  make  bends.  Many  tubes  of 
ent  make  are  finished  so  nearly  alike  that  it  is  difficult  to 
nine  just  what  will  be  the  most  suitable.  The  thinner  the  wall 
)  tube  the  more  care  will  be  necessary  to  make  a  good  bend  as 
vailed  tubing  is  more  liable  to  collapse  than  that  with  thicker 
If  a  piece  of  hard  tubing  is  bent  without  first  annealing, 
I  break  soft,  as  at  A,  Fig.  460.  A  piece  of  thin-walled  tubing 
collapse  as  at  B.  Some  tube  with  a  moderately  thick  wall 
e  bent  without  heating  or  filling  though  most  now  used  in  the 
hould  be  filled  before  bending.  If  the  interior  is  made  solid 
arly  so  with  some  substance  it  can  be  bent  to  a  curve  of  very 

radius  without  damage  to  the  wall,  providing  the  tubing  is 
rly  heated  and  is  of  the  right  temper.  Such  a  bend  is  shown 
With  a  solid  filling  it  is  possible  to  manipulate  the  tube  as 
id,  but  it  is  not  a  good  idea  to  use  either  a  vise  or  wrench,  or 
ler  and  anvil  for  bending  as  the  walls  of  the  tube  will  suffer 
he  appearance  of  the  joint  be  unsatisfactory  at  least. 
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Filling  the  Tubing. — In  securing  a  good  bend  special  care  i 
be  taken  of  the  material  or  filling  to  be  used  as  a  support  foi 
inner  wall  while  bending.  One  way  of  filling  or  packing  a  pip 
tube  for  bending  consists  of  pouring  into  the  internal  bore  a  mc 
substance,  such  as  resin  for  brass  and  copper  pipes,  or  a  soft, 
melting  point  lead  alloy  in  steel  tubing.  The  thinner  the  waD 
more  carefully  must  the  bending  be  done,  and  the  heavier 
material  used  for  a  core.  The  method  of  filling  is  very  m 
a  funnel  is  inserted  in  the  tube  and  the  molten  material  poure< 
and  allowed  to  cool.  This  may  be  removed  after  the  bend  is  n 
by  heating  the  tube,  which  causes  the  substance  to  melt  and  it  i 
be  run  out.  A  tube  may  be  packed  with  clay  or  putty,  thoi 
these  substances  are  hard  to  remove  from  the  interior  after 
bend  is  made.  For  hot  bending  the  tube  may  be  plugged  up 
packed  with  sand,  which  is  easily  removed.  If  the  entire  leu 
of  the  tube  is  to  be  bent  around  the  arc  of  a  circle  the  core  ma] 
a  soft  iron  rod,  which  can  be  removed  with  ease  after  the  opera 
is  complete  as  it  has  taken  the  same  degree  of  curvature  as  the  t 
This  also  permits  of  hot  bending.  The  tube  is  inserted  in  the 
of  a  bending  block  or  when  in  a  fixture  may  be  bent  back  over 
wheel,  and  curves  of  any  radius  may  be  obtained  by  using  la 
or  smaller  wheels.  The  device  is  often  made  so  that  it  cai 
clamped  in  a  vise,  though  where  much  work  of  this  charact 
done  it  is  fastened  securely  to  the  bench.  For  the  motorist 
makes  his  own  repairs  or  the  experimenter  the  block  shown  is 
cient,  as  good  work  may  be  done  with  even  such  a  simple  appl 
if  proper  care  is  taken  in  filling  the  tube  before  bending. 

The  pipe  bending  fixture  shown  at  Fig.  461  was  illustrat 
the  Horseless  Age  and  is  a  very  simple  one  to  build,  requiring 
materials  and  tools  found  in  almost  all  garages  for  its  fabric 
With  this  device  it  is  not  absolutely  necessary  to  fill  the  pipe 
sand,  resin  or  other  material.  The  description  will  enable  c 
make  such  an  apparatus.  At  A  is  shown  a  cast  iron  base 
two  feet  square  and  two  inches  wide,  cored  out  underneath 
to  make  it  lighter.  At  B  is  a  grooved  wheel  which  is  renw 
so  that  it  may  be  replaced  with  similar  wheels  of  dififerent  diai 
for  different  sized  bends.    For  instance,  if  the  pipe  is  to  be  li 
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radius,  a  wheel  8  inches  in  diameter  will  be  required.  The 
IS  a  groove  turned  in  its  outer  edge  just  a  trifle  larger  than 

to  be  bent.  It  is  made  so  that  it  will  slip  off  and  on  the 
easily.  This  stud  is  made  of  steel  and  is  riveted  to  the 
as  shown.    A  follower  wheel  C  is  attached  to  the  handle  D 

is  used  for  any  bend  for  a  given  size  of  pipe.    It  will  be 


461. — Simple  Fixture  for  Bending  Tnbing  Witbont  Damaging 

the  WaUs. 


that  the  lever  D  has  a  series  of  holes,  these  being  so  spaced 
2n  a  different  sized  wheel  replaces  B,  the  wheel  C  can  be 
ut  toward  the  end  of  the  lever,  keeping  the  center  of  the 
)etween  the  two  grooves.  The  wheel  C  is  held  in  place  by  a 
'  stud  E  and  locked  with  a  nut  F.  Since  the  base  A  has 
finished  oflf  for  the  larger  wheel  to  turn  upon,  the  head  of 

E  will  clear  the  base  when  the  lever  arm  is  swung  around, 
i  G  has  a  shoulder  or  groove  cut  around  it,  as  shown  in 
onal  view.    This  is  done  to  allow  a  tapered  pin  H  to  lock 

D  in  place.    The  lever  is  milled  out  at  the  end,  as  shown 
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in  the  plan  view,  and  a  hole  is  drilled  through  both  sides  to 
the  tapered  pin,  which  is  placed  so  that  it  will  lock  the  lever  on 
stud  and  yet  allow  it  to  turn  freely.  At  J  is  shown  a  block 
chined  out  of  rectangular  stock  with  a  round  end  turned  on  iti 
that  it  may  be  inserted  in  the  base,  A.  A  hole  is  drilled  in 
piece  just  a  trifle  larger  than  the  pipe  and  a  slot  sawed  through 
hole.  Then  another  liole  is  drilled  at  the  top  for  a  clamping 
K  to  hold  the  pipe  in  place.    The  apparatus  is  now  ready  for 

To  bend  a  pipe  of  the  size  for  which  the  block  J  and  the  ^e 
B  and  C  have  been  made,  turn  the  lever  back  90  degrees  from 
position  shown  in  the  illustration.  Then  insert  the  pipe 
the  grooved  wheels  and  clamp  the  end  in  the  block  J.  Then  pf 
the  lever  around  to  the  position  shown  for  a  90-degree  bend 
another  90  degrees  for  a  return  bend.  The  holes  for  the  stud 
are  drilled  in  the  base  A  on  a  line  with  the  centers  of  the  tw»| 
grooved  wheels,  and  these  holes  can  be  drilled  in  all  four  sides  d 
the  base.  It  is  best,  of  course,  to  set  up  the  apparatus  and  bend 
all  of  one  size  pipe  and  one  radius  at  one  time.  After  making  I 
bend,  the  pin  H  is  removed,  which  allows  the  lever  to  be  pulled 
forward,  carrying  with  it  the  wheel  C.  This  leaves  the  pipe  frei 
to  be  removed  after  being  undamped  from  the  block  J.  Sometima 
a  piece  of  pipe  is  encountered  which  is  so  hard  that  it  cannd 
be  bent  easily.  In  this  case  the  lever  may  be  lengthened  by  slip 
ping  a  length  of  gas  pipe  or  other  tubing  over  the  outer  end 
giving  a  much  greater  leverage  and  particularly  stubborn  piece 
of  pipe  or  tube  may  be  bent  by  heating  several  times  if  necessary 

Straightening  Out  Bent  Fenders. — ^When  the  fenders  beconw 
bent  the  usual  practice  is  to  remove  them  and  take  them  to  a  tin 
smith  for  repairs.  This  involves  considerable  trouble  and  delay 
The  average  fender  may  be  straightened  out  by  taking  a  block  ol 
wood  or  a  strip  of  metal  and  placing  it  on  the  damaged  part  as  out 
lined  at  Fig.  460,  G.  A  clamp  is  then  attached  and  when  screwed 
up  the  kiuk  in  the  metal  will  be  eliminated.  While  some  of  tlM 
paint  will  crack,  the  fender  will  present  a  much  better  appearance 
than  if  it  were  straightened  by  hammering. 

Removing  Dents  in  Tanks,  Etc. — ^The  following  methods  ol 
taking  out  dents  in  hollow  metal  containers  may  prove  of  serricj 
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^pairmen  as  well  as  motorists  in  general.  If  the  side  of  the 
tank,  for  example,  is  indented,  a  loop  can  be  made  in  a  piece 
:out  brass  wire,  or  a  piece  of  bright  steel  rod,  which  is  bent  at 
t  angles  and  soldered  to  the  lowest  part  of  the  dented  metal, 
t  H,  Fig.  460.  A  larger  loop  is  then  made  in  the  other  end  of 
wire  and  with  the  aid  of  a  small  pinch  bar  and  a  block  of  wood 
ct  as  a  fulcrum  for  the  lever,  the  dented  surface  can  be  easily 
ed  flush  with  the  surface  of  the  tank.  The  base  of  the  wooden 
k  should  be  of  suflScient  area  to  prevent  the  side  of  the  container 
)ming  indented  by  it  because  of  the  pressure  brought  to  bear 
1  the  lever  or  bar.  Dents  in  headlights  and  depressions  in  the 
faces  of  horns,  small  tanks,  gas  generators,  etc.,  can  be  taken 
in  a  similar  manner  except  that  in  place  of  the  bar  a  stout 
d  should  be  attached  to  the  wire  loop  and  its  free  end  fastened 
1  vise  or  other  convenient  anchorage.  Fig.  460,  I,  shows  method 
repairing  a  tank,  while  J  shows  a  sketch  of  a  horn  under  treat- 
Qt.  The  latter  is  grasped  in  the  hands  and  a  few  gentle  pulls 
1  remove  tlie  dent.  Obviously  any  other  small  metallic  article 
I  be  repaired  in  the  same  way.  The  wire  loop  in  all  instances 
I  be  easily  applied  or  removed  with  a  blow  torch  or  soldering 

No  doubt  more  elaborate  methods  can  be  resorted  to  by  those 
[led  in  sheet  metal  working,  but  the  writer  believes  that  the 
ive  metliod  is  as  simple  as  any  for  a  piece  of  wire  can  be  easily 
it  to  any  shape  to  suit  the  requirements  of  the  job  under  con- 
»ration.  No  tools  of  great  value  are  necessary,  and  such  as  are 
d — viz.:  a  length  of  wire  and  soldering  iron — can  be  found  in 
lost  any  house,  and  the  process  presented  can  be  used  to  ad- 
itage  with  any  gauge  of  metal  generally  employed  in  the  con- 
iiction  of  the  various  small  articles  which  the  motorist  would 
?mpt  to  repair  himself. 

Soldering  and  Brazing  Processes. — Solder  must  be  used  on  cer- 
a  parts  of  an  automobile,  notably  the  radiator,  the  tanks  and  the 
ips,  despite  the  fact  that  such  cofastruction  when  subjected  to 
ess  or  vibration,  is  not  considered  best.  It  is  of  considerable  im- 
rtance  that  permanent  work  be  accomplished  and  in  reaching 
8  result  it  is  necessary  to  bear  in  mind  certain  fundamental  prin- 
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ciples  relative  to  the  tiae  of  solder  in  all  classes  of  work, 
metal  surfaces  to  be  joined  mnst  be  clean.  This  means  m 
ri^d  sense.  Wiping  or  cleaning  with  acid  or  gasoline  is 
cient.  The  metal  must  be  clean,  chemically,  as  well  as  i 
any  oxide.  The  best  method  is  to  use  sandpaper  or  file  thi 
just  before  soldering.  The  surfaces  must  be  hot — as  wi 
solder  itself.    The  solder  must  be  melted  to  Sow  with  pei 


Fig.  462.^Funace  Umd  for  HeatliiK  SolderluK  CopiMra  *!t 
Efflciont  Blazing  Torge  at  B. 

dom,  otherwise  it  will  not  enter  the  pores  of  the  suri 
joined.     The  solder  must  not  be  so  hot  it  will  bum,  ho" 
solder  bath  or  a  soldering  iron  never  should  get  red  hot. 
difficult  to  do  a  good  job  if  the  iron  is  large  enoi^:)i.  . 

Time  must  be  allowed  foi*  the  heat  to  flow  from  the 
the  work.  To  prevent  the  solder  running  away  the  work 
held  with  the  seam  bot\ioiA».\.  11  ^  W-^cMaWa  ta  hurr 
this  kind,  except  \)y  t\vaxi«ai%  Ve«o&  ^^  ^«^  '^Ssa  -««s««. 
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ties  are  due  either  to  imperfect  cleaning  or  to  the  working  be- 
hiirried  through  before  it  has  been  heated  properly.  The 
igth  of  solder  is  small^  and  its  elastic  limit  far  below  its  ten- 
strength.  The  area  of  the  joint  must  be  large.  Two  strips 
'lapping  by  a  narrow  margin  are  not  as  strong  as  with  a  wide 
rlap.  With  a  lap  sufiSciently  wide  it  is  quite  possible  to  make  a 
it  stronger  than  any  other  part  of  the  piece,  not  forgetting,  how- 
r  that  a  soldered  joint  never  should  be  subjected  to  bending  or 
er  stresses  which  localize  the  strain  endured  by  the  solder.  The 
ice  of  flux  naturally  will  depend  upon  the  work.  The  object 
:he  flux  is  to  preserve  the  chemical  cleanliness  of  the  metal  while 
I  being  heated  and  before  the  solder  adheres.  Save  for  the  flux 
hot  metal  would  oxidize  slightly  on  the  surface  and  the  solder 
Id  not  unite  with  it. 

tf  it  is  desired  to  solder  two  pieces  which  have  some  thickness 
bulk  a  good  piece  of  work  cannot  be  done  with  a  soldering  iron, 
Use  the  parts  will  absorb  heat  faster  than  the  iron  can  supply 
With  such  work  a  torch  must  be  used  for  sweating,  heating 
oughly  the  parts  adjacent  to  the  intended  joint  and  as  far  back 
aay  be  necessary.  If  the  surfaces  are  more  than  one-eighth  to 
quarter  inch  wide  it  is  better  to  tin  them  before  uniting.  This 
one  by  spreading  a  smooth  coat  of  solder  over  the  entire  sur- 
5  while  hot.  It  is  only  necessary  to  press  two  such  prepared 
-eg  together  and  heat  them  to  the  proper  temperature  to  make 
•erfect  union.  Much  time  is  saved  in  sweating  operations,  par- 
ilarly  in  manufacturing,  by  dipping  the  work  into  a  bath  of 
Iten  solder.  The  hot  solder  supplies  the  necessary  heat  and  the 
3le  job  is  practically  instantaneous.  Great  care  is  necessary  to 
p  the  bath  at  proper  temperature.  If  it  is  too  cold  the  work  will 
hold,  and  if  it  is  too  hot  the  solder  will  be  burned  and  its  use- 
less gone.  The  accompanying  tables  will  be  found  useful,  one 
ng  the  fluxes  that  are  best  used  with  various  materials,  while 
other  gives  the  composition  of  solders  and  spelters  found  sat- 
ctory  for  general  application.  The  more  tin  there  is  in  a  solder, 
stronger  it  is,  but  it  is  harder  to  melt  than  those  having  lead  as 
redominating  element.  In  the  case  of  spelter  increasing  the 
portion  of  copper  increases  the  strength : 
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Fluxes  for  Soldering,  \ 

Iron  or  steel Borax  or  sal-ammonin 

Tinned  iron   Resin  or  chloride  of  ane 

Copper  to  iron   Resii 

Iron  or  zinc Chloride  of  ane 

Galvanized  iron Mutton  tallow  or  resiii 

Copper  or  brass Sal-ammoniac  or  chloride  of  zfne 

Lead Mutton  tallow 

Block  tin Resin  or  sweet  o3 


SOLDERS   AND   SPELTER   FOR   DIFFERENT  PLTIPOSES 


Solder  for 


Electricians 

Gold 

Platinum 

Plumbers',  hard 

Plumbers',  soft 

Silver,  hard 

Silver,  soft 

Tin,  hard 

Tin,  soft 

Spelter  for  fine  brass 

Common  brass 

Cast  iron 

Steel 

Wrought  iron 

Parts  by  weight 


Silver 

Tin 

Lead 

Zinc 

■ 

1 

1 

• 

2 

• 

• 

3 

■ 

• 

• 

2 

1 

• 

1 

3 

4 

• 
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2 

• 

• 

• 

2 

1 

• 

1 

1 

1 

• 

8 

• 

< 

1 

• 

, 

ft 

3 

• 

i 

1 

1 

• 

i 

■ 

L 

Gold  >  BM 


1 
1 


24 


8 
1 
4 
3 
2 


Lead  Burning. — Lead  burning  consists  in  melting  the  metibij 
and  causing  the  parts  to  flow  together  and  become  joined  withoat;) 
the  aid  of  solder.     It  requires  considerably  more  skill  than  aflf 
other  form  of  brazing  or  soldering.    A  long  step  toward  succe* 
may  be  taken  by  the  proper  arrangement  of  the  work.    It  is  usm' 
to  provide  something  which  may  serve  as  a  mold  or  guide  for  tbif 
melted  metal.    For  example,  if  two  lead  sheets  are  to  be  united  1^1 
soldering,  they  are  laid  on  a  sheet  of  some  non-heat-eondactiiiQ 
substance,  such  as  brick  or  asbestos.    The  work  in  the  immedurt 
neighborhood  of  the  joint  is  carefully  scraped  so  as  to  remove  •fu 
oxide  or  scale  which  would  tend  to  bind  the  melted  lead  and  p**! 
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Fig.  463. — ^Foims  of  Soldering  Coppers  and  How  to  Tin  Them. 

t  from  flowing  freely.  The  metal  at  the  seam  is  lieated  by 
-  hot  bit  or  the  flame  from  a  blowpipe  so  that  there  is  a  uni- 
flow  of  lead  acrass  the  seam.  It  is  sometimes  necessary  to 
lore  lead  to  the  seam  by  melting  a  strip  held  in  the  hand, 
tie  of  some  sort  is  the  most  satisfactory  source  of  heat  for  the 
re  lead  burning  job,  because  not  only  is  the  heat  more  uni- 
but  also  more  intense,  and  the  lead  melts  at  the  desired  point 
'  the  surrounding  metal  bcH'omes  sufficiently  hot  to  soften. 

are  several  types  of  blowpipe  for  this  purpose  on  the  market. 

employ  an  alcohol  flame,  while  others  make  use  of  mixed 
gen  and  air.    The  flame  is  usually  small,  sharp-pointed,  and 
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very  intense.  Lead  burning  is  absolutely  necessary,  and  is  insi 
upon  in  certain  classes  of  work  for  instance,  in  lining  tanks  i 
lead  for  chemical  solutions,  or  for  joining  the  grids  and  lug" 
storage  batteries. 

Soldering  AlTrniiymni. — Many  components  of  the  modern  m« 
car  are  made  of  aluminum  and  in  making  repairs,  if  these  be  bro 
or  cracked,  this  metal  is  extremely  difficult  to  solder.  While  m 
attempts  have  been  made  to  solder  aluminum  in  the  ordinary  v 
and  even  with  special  fluxes  and  solders,  but  little  success  is 
tained  unless  the  conditions  obtaining  are  fully  appreciated.  ^ 
minum  is  very  light  and  melts  at  comparatively  low  temperatu 
and  because  of  its  rapid  oxidization  it  is  necessary  to  take  great  c 
to  secure  bright  metal  to  which  the  solder  will  adhere.  The  all 
with  which  the  motorist  has  to  deal  vary  in  proportion  of  alloy 
elements,  depending  upon  the  use  for  which  the  metal  is  intem 
the  substance  commonly  used  in  combination  being  zinc,  copi 
tin,  manganese,  magnesium  and  sometimes  a  trace  of  iron.  ' 
larger  proportion  of  any  alloy  is  aluminum,  and  on  the  whole 
soldering  problem  will  be  about  the  same  in  all  cases.  As  most 
obvious  because  of  its  low  melting  point,  aluminum  will  not  sti 
prolonged  heating,  a  condition  that  may  be  disregarded  in  the  ( 
of  most  of  the  other  metals  amenable  to  soldering  and  brazing  i 
cesses.  Then  again,  when  the  critical  point  is  reached  in  the  h 
ing,  aluminum  suddenly  **  wilts''  and  every  precaution  must  be 
served  to  prevent  the  metal  becoming  too  hot.  The  following  t 
will  show  the  relative  melting  points  of  the  common  metals : 

Melting  Point  of  Metal. 

Fidtfcnhcit 

Tin 445 

Lead    620 

Zinc  780 

Aluminum    1160 

Bronze 1690 

Silver    1730 

Gold    1900 

Copper   1930 
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Melting  Point  of  Metal, — Continued. 

Dearrees 
Fahrenheit 

Cast  iron   2000 

Steel 2400 

Wrought  iron   3000 

Platinum 3230 

From  the  foregoing  it  will  be  evident  that  the  metals  of  which 
e  average  solders  are  composed  have  melting  points  but  little 
wer  than  that  of  aluminum,  and  careful  manipulation  will  be 
Jcessary  to  insure  heating  the  metal  suflSciently  to  melt  the 
Ider,  and  at  the  same  time  not  weaken  the  aluminum  or  cause  it 

flow.  To  successfully  solder  aluminum  demands  considerable 
:^paration  and  careful  manipulation,  and  authorities  diflfer  as  to 
e  best  methods  and  solders  to  use.  All  agree  that  the  metal  must 
>  dry  and  absolutely  clean,  and  while  this  is  easily  said  and  ad- 
sed  it  is  diflScult  of  accomplishment.  If  one  cleans  aluminum 
.  ordinary  temperatures,  no  matter  how  carefully,  and  obtains  a 
:ight  surface,  it  is  impossible  to  retain  this  as  new  oxide  forms 
1  its  surface  as  soon  as  brightened.  For  this  reason,  some  skilled 
i  the  arts  recommend  immersing  the  parts  to  be  soldered  in  a 
trong  solution  of  hydrosulphate  of  soda  for  several  hours  before 
dining  them.  The  best  solder  to  be  used  depends  to  a  certain  ex- 
eat upon  the  alloy  of  aluminum,  the  same  as  with  other  metals, 
ine  that  has  been  used  with  good  success  is  made  as  follows :  Ten 
^arts  each  by  weight  of  tin,  cadmium  and  zinc  and  one  part  of  lead 
•11  of  which  are  melted  together. 

Dampness  or  salt  air  are  the  bane  of  the  process  of  aluminum 
oldering  and  the  rapid  oxidization  makes  ** tinning"  which  is  of 
uch  benefit  in  uniting  other  metals,  practically  impossible.  As 
loisture  will  hasten  oxidization,  the  safest  method  of  proceeding 
rill  include  the  drying  of  the  surfaces,  assuming  that  these  have 
een  properly  prepared,  as  well  ais  the  solder,  in  an  oven  or  other 
litable  container  at  a  high  enough  temperature  to  thoroughly  heat 
U  parts,  but  lower  than  that  required  to  melt  the  solder.  When 
le  parts  are  thoroughly  dry,  the  next  thing  to  do  is  to  scratch 
le  surfaces  vigorously  with  a  metal  brush,  bringing  out  the  ud- 
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tarnished  metal,  and  removing  all  traces  of  oxide.  The  nextatip 
is  the  heating  of  the  aluminum  parts  nearly  to  the  melting  poal  j 
of  the  solder,  and  after  applying  the  alloy  to  the  surfaces,  brJj 
it  into  intimate  relation  with  the  surfaces,  using  the  metal  bndu 
If  the  solder  does  not  adhere  there  is  still  some  oxide  on  the 
face,  and  the  operation  of  cleaning  should  be  repeated.  When 
surfaces  to  be  joined  are  properly  coated  with  solder,  the 
which  govern  ordinary  soldering  work  will  apply,  it  being  m 
necessary  to  heat  the  surfaces,  melt  the  solder  and  join  the  surfa«i 
Either  a  bunsen  burner  or  blow  torch  can  be  used  to  heat  the  metilj 
and  the  important  points  to  remember  are  that  the  work  must 
done  quickly  and  that  the  surfaces  to  be  joined  be  as  clean 
dry  as  possible,  and  as  free  from  aluminum  oxide  as  condi 
will  permit. 

If  the  surface  is  of  such  a  shape  that  it  cannot  be  readily  cle 
by  scraping,  it  can  be  cleaned  by  dipping  it  into  a  solution  «f 
nitric  acid  in  three  times  its  bulk  of  hot  water  containing  about  S 
per  cent,  of  commercial  hydrofluoric  acid.  This  causes  a  slight  i^ 
tion  on  the  surface  of  the  metal  as  shown  by  bubbles.  Rinse  tki 
metal  after  removing  from  the  acid  bath  and  dry  in  hot  sawdat 
There  are  various  compounds  on  the  market  for  soldering  alfr 
minum,  but  this  operation  depends  more  on  the  workman  than  (» 
the  solder  and  unless  considerable  experience  has  been  had  it » 
probably  better  to  purchase  solder  than  attempt  making  it  2* 
can  be  used  but  does  not  form  a  very  strong  joint.  Tin  can  al» 
be  used,  is  more  nearly  the  color  of  aluminum,  is  stronger  than  ta^ 
but  is  very  difficult  to  work.  A  small  proportion  of  phosphor  til 
added  to  pure  tin  makes  it  work  more  readily  and  is  the  basis* 
most  aluminum  solders.  The  chief  difficulty  in  soldering  alumini* 
is  that  the  heat  is  dissipated  so  rapidly  that  it  cools  the  solden4 
iron  and  furthermore  aluminum  oxidizes  instantly  upon  exposoB 
to  the  air.  This  extremely  thin  film  effectually  prevents  a  perM 
union  being  made.  If  the  parts  are  well  heated  and  melted  soMa 
kept  hot  while  the  iron  is  allowed  to  stand  on  it,  the  surface  eii 
be  scraped  beneath  the  melted  solder  by  the  point  of  the  solderal 
iron,  thus  preventing  to  a  certain  extent  the  oxidization.  In  tM 
way  the  metal  can  be  tinned.    When  both  peats  are  brought  tl 
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;r  and  are  well  tinned,  they  can  be  united  with  some  chance 
iccess,  nitrate  of  silver,  resin,  or  zinc  chloride  being  used  as 
t.  A  soldering  tool  of  nickel  gives  more  satisfactory  results 
a  copper  one  as  the  latter  alloys  with  the  tin  and  soon  be- 
s  rough. 

uother  authority  advises  as  follows:  Use  zinc  and  Venetian 
»ntine  for  soldering  small  surfaces.  Place  the  solder  on  the 
L  and  heat  very  gently  with  a  blowpipe  until  entirely  melted, 
her  is  to  clean  the  surfaces  by  scraping  and  covering  with  a 
of  paraffine  wax  as  a  flux  then  coating  the  surfaces  by  fusion, 
:  a  layer  of  alloy  of  zinc,  tin  and  lead,  preferably  in  the  fol- 
ig  proportions :  Zinc,  five  parts ;  tin,  two  parts ;  and  lead  one 

Metallic  surfaces  thus  prepared  can  be  soldered  by  means 
nc  or  cadmium,  or  alloys  of  aluminum  with  these  metals, 
ity-eight  ounces  of  block  tin,  three  and  one-half  ounces  of  lead, 
.  ounces  of  spelter,  and  fourteen  ounces  of  phosphor  tin,  con- 
ig  10  per  cent,  of  phosphorus,  will  make  a  good  aluminum 
r.  Clean  off  all  dirt  and  grease  with  benzine,  apply  the  solder 
a  copper  bit,  and  when  the  molten  solder  covers  the  metal, 
2h  through  the  solder  with  a  wire  scratch  brush.  A  good  solder 
)w  grade  work  is  composed  of  tin,  95  parts,  and  bismuth,  five 
.  A  good  flux  in  all  cases  is  either  stearin,  vaseline,  parafi^e, 
va  balsam  or  benzine.  Small  tools  made  of  aluminum  or  nickel 
d  be  used  in  the  operation  of  soldering.  These  facilitate  at 
lame  time  the  fusion  of  the  solder  and  its  adhesion  to  the 
ously  prepared  surfaces.  Copper  or  brass  tools  should  be 
!ed  as  they  would  form  colored  alloys  with  the  aluminum  and 
older.  To  sweat  aluminum  to  other  metals,  first  coat  the  alu- 
m  surface  with  a  layer  of  zinc,  on  top  of  which  is  melted  a 
of  alloy  of  one  part  aluminum  to  two  and  one-half  parts  of 

The  surfaces  are  then  placed  together  and  heated  until  the 
between  them  is  liquefied. 

;ow  to  Braze  Steel  and  Iron. — As  with  soldering,  it  is  impor- 
in  brazing  to  clean  the  work  thoroughly.  Sand  blasting  is 
leal  method  of  cleaning  for  brazing,  although  the  work  may 
►ne  with  a  file  and  emery  cloth.  The  sand  blast  not  only  cleans 
letal  of  all  scale,  but  penetrates  the  pores,  leaving  it  in  condi- 
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tion  to  receive  and  hold  the  brass.  It  also  costs  less  than  the 
method.  There  are  several  compounds  in  the  market  that  will 
a  better  flux  than  borax,  burnt  and  ground  fine,  but  if  wante 
a  quick  job,  mix  borax  with  wood  alcohol,  or,  better  still,  "0 
bian  Spirits."  Clean  water  is  nearly  as  good.  Mix  to  a  thin 
and  apply  with  a  thin  brush,  so  as  to  wet  thoroughly  every 
of  the  joint.  The  flux  is  held  in  place  by  painting  the  joint  ^ 
mixture  of  machine  oil  and  black  lead.  The  joint  should  be  p 
to  hold  it  in  place  while  being  brazed.  Run  a  No.  29  drill  th 
the  job  and  hold  in  place  with  an  eightpenny  wire  nail.  Tl 
should  be  clean,  whether  of  gas,  coal  or  oil.  The  gas  fire  is 
though  it  costs  more.  Put  the  heat  on  the  heavy  part  of  the 
first,  so  as  to  bring  it  up  nearly  to  the  brazing  point.  Wh( 
heat  is  put  onto  the  joint  the  heavy  part  will  absorb  it  and  C( 
the  part  to  be  brazed.  Bring  it  up  slowly  to  a  bright  yelloiw 
and  as  the  spelter  and  flux  begin  to  melt,  dip  the  brazing  ^ 
the  brazing  compound  and  apply  to  the  joint.  Before  dippii 
wire,  however,  it  should  be  held  in  the  flame  so  as  to  heat  it  a 
as  possible  to  the  melting  point  and  yet  not  melt  it.  As  tli 
and  spelter  melt  turn  the  work  so  it  will  run  to  all  parts 
joint,  and  while  still  turning  remove  it  from  the  fire  and  kee 
motion  until  it  sets.  If  it  is  a  large  job,  turn  off  the  heat  a 
the  blast  strike  the  work  and  cool  it. 

Nothing  equals  the  sand  blast  for  cleaning  work  aftei 
finished.  The  next  best  method  is  pickling  in  a  weak  solul 
sulphuric  acid  and  water,  about  one  quart  of  acid  to  a  ba 
water.  The  old-fashioned  method  of  dipping  the  work  in 
of  soapsuds  is  not  recommended.  Almost  any  broken  joint 
iron  can  be  brazed,  and  if  properly  done  it  will  be  stronger  tl 
fore  breaking.  To  make  a  good  job  first  heat  the  work  to 
red,  taking  the  dirt  and  grease  out  of  the  pores  of  the  metaL 
clean  the  work  with  a  sand  blast  or  with  a  wire  brush,  after 
apply  the  flux.  Fasten  the  broken  parts  firmly  together,  p 
the  fire  and  bring  up  to  a  bright  yellow  heat,  in  fact  almost 
melting  point,  and  apply  the  brazing  compound.  Shut  off  i 
and  allow  it  to  cool  without  moving.  Brazing  is  possible  * 
the  pieces  are  of  irregular  form  though  large  work  should 
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ed  before  brazing  as  described  in  speaking  of  the  autogenous 
ling  process. 

Simple  Methods  of  Testing  Lubricating  Oils. — To  find  if  an 
^ntains  certain  solid  impurities,  add  kerosene  to  half  a  cup  of 
oil  until  the  mixture  becomes  quite  thin.  This  thin  fluid  is  now 
Jed  through  filter  paper  or  ordinary  colorless  blotting  paper. 
soon  as  all  of  the  thinned  oil  has  passed  through,  the  blotting 
liter  paper  is  washed  with  kerosene.  The  residue  that  remains, 
here  is  any,  will  show  whether  the  oil  contains  any  solid  im- 
ities.  Impurities  of  this  kind  may  also  be  determined  in  a 
"se  way  by  smearing  a  piece  of  common  correspondence  or  pad 
er  with  the  suspected  oil  and  holding  it  against  the  light.  If 
oil  is  free  from  solid  impurities  the  blot  of  oil  will  be  equally 
sparent  everywhere.  If  not,  the  solid  particles  of  sediment  will 
lainly  visible. 

To  test  whether  an  oil  becomes  resinous  or  not,  it  must  be  poured 
shallow  dish,  and  it  is  then  to  be  left  for  about  a  week  in  some 
n  place.  If  at  the  end  of  this  period  there  is  not  the  slightest 
ence  of  a  crust  you  may  consider  the  lubricant  to  be  all  right, 
je  oils  may  also  be  tested  by  mixing  them  with  nitric  acid.  If 
3il  is  pure,  a  thick  mass  will  form  in  a  few  hours.  Oils  that 
lify  do  not  thus  clot,  but  remain  very  thin. 
Lmong  other  impurities  in  oils  are  to  be  found  injurious  acids, 
n  acids  occur  in  lubricating  oils  they  destroy  the  parts  of  ma- 
es  and  other  apparatus  that  they  lubricate  much  more  quickly 
should  be  the  case.  A  test  for  such  impurities  is  found  in 
ng  the  lubricating  oils  with  copper  oxide  or  copper  ash.  These 
iidded  to  the  oil  in  a  glass  container.  When,  if  the  oil  is  free 
I  acid,  it  retains  its  original  color.  If  acids  are  present  their 
►n  on  the  copper  makes  the  color  greenish  or  bluish.  This  test 
also  be  made  by  dropping  the  oil  on  a  sheet  of  copper  or  brass. 
i  it  should  be  left  for  a  week,  when  at  the  end  of  that  time  if 
is  present,  a  greenish  discoloration  will  be  seen  on  the  metal, 
ost  any  of  the  chemical  test  for  acid  as  with  colored  solutions 
litmus  paper  will  indicate  the  occurrence  of  acid.  Litmus 
ir  turns  pink  in  the  presence  of  acid.  In  its  absence  a  blue 
•  will  be  apparent. 


928  Automobile  Repairing  Made  Easy 

To  compare  the  lubricating  values  of  several  oils  a  few  d 
must  be  placed  on  a  smooth,  slightly  inclined  metal  or  glass  s 
The  better  and  the  greasier  the  oil  the  farther  will  a  drop 
travel  in  any  given  time  you  determine  upon. 

Evils  of  Exhausting  in  Closed  Shop. — With  the  coming  of 
weather  adjustments  to  motors  are  often  made  in  the  garaj 
testing  shop  proper,  instead  of  outside,  as  is  tlie  case  when  we 
conditions  are  mild.  Many  of  the  garages  are  insufficiently  h( 
and  of  course  all  doors  and  windows  are  kept  closed  in  ord 
retain  what  heat  there  is  present.  When  such  is  the  case,  care 
be  taken  that  the  motors  be  run  very  little  unless  the  window: 
doors  are  opened  to  provide,  for  ventilation.  The  exhaust  [ 
very  poisonous  and  cases  are  known  where  workmen  have  nan 
escaped  asphyxiation,  when  running  motors  continuously  i] 
shop  and  exhausting  directly  into  the  room.  If  it  is  necessa 
run  a  motor  continuously  and  conditions  are  such  that  win 
or  doors  cannot  be  opened  for  ventilation,  it  will  be  found  ( 
able  to  lead  the  exhaust  gas  from  the  room  by  attaching  a  pie 
heavy  rubber  hose  from  the  discharge  pipe  of  the  muffler  to  a 
dow,  which  need  be  open  but  a  trifle,  to  allow  the  end  of  the  n 
hose  to  hang  out  into  the  air.  Such  a  simple  precaution  ^vill 
many  a  severe  sick  headache  or  something  more  serious.  ^ 
the  hose  goes  on  the  exliaust  pipe  it  must  be  lined  with  asbest 
prevent  the  heat  of  the  pipe  decomposing  or  burning  the 
Owing  to  the  free  flow  provided  for  the  gas,  the  hose  will  n( 
come  unduly  heated  at  other  parts. 

The  exhaust  gases  from  a  gasoline  engine  are  composed  of  i 
gen,  a  little  free  oxygen,  hydrocarbon,  hydrogen,  carbon  nion 
and  carbon  dioxide,  the  last  two  being  considered  dangerous, 
presence  of  carbon  dioxide  as  a  product  of  combustion  of  the 
line  was  recognized  as  an  objection  from  the  beginning  of  th 
of  these  machines,  but  attention  was  called  to  the  fact  tha 
amount  produced  was  relatively  small  compared  to  other  s( 
of  this  gas,  and  it  was  not  likely  to  be  made  in  dangerous  q' 
ties.  The  eft'ect  of  carbon  dioxide,  except  in  relatively  larg' 
centages,  is  confined  to  reducing  the  oxygen  content  of  the  ai 
is  breathed.    The  presence  of  carbon  monoxide  in  the  exhaust 
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gurious  quantities  was  less  apparent,  but  it  appears  from  what 
)w  known  that  this  is  the  limiting  factor  in  the  use  of  engines 
usting  into  poorly  ventilated  places.  The  presence  of  carbon 
oxide  in  the  air  in  relatively  small  quantities  has  been  shown 
ive  a  marked  effect  upon  the  blood,  producing  sickness,  and  if 
led  in  sufficient  quantity,  death.  After  careful  inquiry,  the 
that  can  be  stated  at  this  time  is  that  without  injury  to  health, 
tore  than  0.1%  of  carbon  monoxide  can  be  breathed  and  that 
.  short  and  infrequent  intervals.  It  is  probable  that  one-half 
lis  percentage  could  be  allowed  for  a  considerable  period  of 
without  noticeable  effect.  The  per  cent,  of  carbon  monoxide 
e  garage  air  depends  upon  the  amount  made  by  the  engines 
ing  and  on  the  quantity  of  air  with  which  it  is  mixed.  It  will 
?eessary  to  provide  ventilation  for  the  worst  combination  of 
.  which  such  engines  can  make  under  unskillful  handling,  or 

0  become  informed  as  to  the  actual  amount  of  carbon  monoxide 
need  and  provide  air  accordingly. 

t  is  not  sufficient  to  consider  the  average  amount  produced  as 
ibuted  over  the  whole  time  of  running  such  a  machine.    The 

quantity  of  gasoline  burned  in  any  one  day  may  have  pro- 
d  but  a  small  quantity  of  carbon  monoxide,  but  if  this  has 

confined  to  a  relatively  short  period  during  bad  carburetor 
stment,  and  in  some  poorly  ventilated  space,  the  momentary 
?ntage  may  be  very  high  and  the  consequence  may  be  fatal.  It 
ident  that  to  be  entirely  safe  the  ventilation  must  be  sufficient 
ep  the  percentage  of  carbon  monoxide  below  the  assigned  limit 
L  the  engine  is  producing  the  maximum  quantity  possible.  If 
maximum  quantity  is  provided  for  by  proper  ventilation,  the 
ce  of  injury  to  health  may  be  considered  to  be  remote.  Cer- 
peculiarities  of  gasoline  engines  cause  the  percentage  of  car- 
monoxide  generated  to  vary  between  rather  wide  limits,  but 
naximum  is  fairly  constant.  No  other  constituent  of  the  ex- 
t  gases  varies  so  much  or  so  rapidly  with  slight  changes  of  ad- 
aent  as  does  the  carbon  monoxide.  Conveying  the  exhaust  gas 
le  outer  air  is  the  simplest  and  most  positive  remedy  for  dis- 

1  of  this  deadly  gas. 

Dfltructions  for  Bepairing  Storage  Battery. — In  repairing  r 
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Willard  storage  battery  a  definite  routine  must  be  followed  in  tetr- 
ing  down  and  building  up  same  in  order  that  it  will  be  in  the  belt 
condition  when  re-assembled.    These  steps  are  as  follows:  ! 

First :  Remove  all  vent  plugs  and  washers. 

Second:  Centerpunch  both  top  connectors  in  each  cell  which 
is  to  be  repaired ;  then  drill  ^-inch  into  top  connector,  T\ith  a  ^ 
inch  diameter  drill.    Now  pull  off  top  connector  with  pair  of  pliea 

Third :  Apply  gas  flame  or  blowtorch  flame  to  the  top  of  thi 
battery  long  enough  to  soften  the  sealing  compound  under  the  top 
cover.  Now,  with  heated  putty  knife,  plow  out  the  sealing  con- 
pound  around  the  edge  of  top  cover. 

Fourth :  Insert  a  putty  knife,  or  any  other  thin,  broad  pointed 
tool,  heated  in  flame,  along  underside  of  top  cover,  separating  it 
from  the  sealing  compound.  Then  with  putty  knife,  pry  the  U^ 
cover  up  the  sides  and  off  of  the  terminal  posts. 

Fifth :  Then,  with  heated  putty  knife,  remove  all  sealing  com- 
pound from  inner  cover. 

Sixth :  Now  play  the  flame  onto  the  inner  cover  until  it  becom* 
soft  and  pliable ;  then  take  hold  of  both  terminal  posts  of  one  ceft 
and  remove  the  elements  from  the  jar,  slowly ;  then  lift  the  inntf 
cover  from  the  terminal  posts. 

Seventh :  Now  separate  positive  and  negative  element,  by  pull- 
ing them  apart  sideways.    Destroy  old  separators. 

Eighth :  To  remove  a  leaky  jar,  flrst  empty  the  electrolyte  !«• 
the  jar,  and  then  play  the  flame  on  the  inside  of  the  jar  until  M 
compound  surrounding  it  is  soft  and  plastic ;  then  with  the  aid  l^i 
two  pairs  of  pliers,  remove  it  from  the  crate,  slowly,  lifting  evenly 

Ninth :  To  put  in  a  new  jar,  in  place  of  the  leaky  one,  heat  I 
thoroughly,  in  a  pail  of  hot  water,  and  force  in  gently. 

Tenth :  In  re-assembling  the  battery,  first  assemble  the 
and  negative  elements,  pushing  them  together  sidewajrs;  th^ 
them  on  the  side  and  with  both  hold  downs  in  place,  insert 
separators,  being  very  careful  to  have  the  grooved  side  of 
separators  next  to  each  side  of  each  positive  plate.  Also  be 
ful  to  have  the  separators  extend  beyond  the  plates  on  each  fM4; 
so  there  will  be  no  chance  of  the  plates  short-circuiting.  Now  piW 
all  separators  up  against  hold  downs.  " 
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Lleventh :  Heat  up  inner  cover  with  flame ;  then  place  same  on 
liaal  posts;  then  take  hold  of  both  terminal  posts  and  slowly 
r  the  elements  into  the  jar 

Twelfth :  Now,  with  expansion  chamber  in  place  on  the  inner 
r,  pour  the  melted  sealing  compound  on  to  the  inner  cover, 


TOr  COHKKTOr- 


TElMmAL  r05T— 


cu&ccc  5t.a?i-c- 


SCA.LIN&  co^ 
IKNCK  COV&K^ 


;.  464. — Dl&gTkm  Sbowliig  Conitmctlon  of  Points  to  be  Beacbad  In 
B«biilldUig  or  Tearing  Down  WiUard  Storage  Battery. 


il  it  reaches  the  level  of  the  hole  in  the  top  of  the  expansion 
mber, — i.e.  so  that  when  the  top  cover  is  replaced,  it  will  squeeze 
sealing  compound  off  the  top  of  the  expansion  chambers. 
Thirteenth;  Now  soften  top  cover  with  flame  and  replace  on 
linal  posts  until  it  rests  on  top  of  expansion  chamber;  then 
«  a  weight  on  top  cover  until  sealing  compound  cools. 
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Fourteenth:  Now,  pour  sealing  compound  around  the  edgerf 
the  top  cover,  until  it  reaches  the  top  of  top  cover ;  then  when  fti 
sealing  compound  has  cooled,  take  a  putty  knife  and  scoop  extn 
sealing  compound  off  of  top  cover,  making  a  smooth  surface  o^ 
all  the  top  of  the  battery. 

Fifteenth :  In  burning  the  top  connector  to  terminal  post,  p» 
ceed  as  follows :  Scrape  the  hole  of  the  top  connector  until  tl 
surface  is  bright  and  clean ;  scrape  terminal  post  until  top  so 
edge  are  bright  and  clean.  Now,  scrape  a  piece  of  lead — preferaM 
a  small  bar — bright  and  clean;  then  apply  hydrogen  gas  flan 
mixed  with  air  under  pressure,  to  the  top  connector  and  termiji 
post  assembled,  at  the  same  time  heating  lead  bar.  When  top  coi 
nector  and  terminal  post  begin  to  melt,  apply  lead  bar  directly  o 
same,  melting  it,  thus  making  a  firm  burned  connection.  The 
fill  rest  of  hole-space  with  melted  lead  and  smooth  off  even  vil 
top  of  top  connector. 

Care  of  Grinding  Wheels. — Chattering  and  waviness  in  appeti 
ance  of  the  part  finished  is  usually  caused  either  by  the  whef 
spindle  being  loose  in  its  bearings,  the  grinding  wheel  being  os 
of  true  or  out  of  balance,  or  particles  of  the  material  being  gronB 
having  become  embedded  in  the  wheel.  A  loose  spindle  should,  < 
course,  have  its  bearings  adjusted.  In  a  great  majority  of  cart 
however,  the  cause  of  imperfect  work  is  due  to  the  wheel  gettil 
out  of  shape.  It  is  important  that  its  face  should  be  perfect! 
parallel  with  the  travel  of  the  carriage,  and  in  order  to  produce 
result  of  this  kind  a  diamond  tool  must  be  used,  as  near  to  d 
headstock  or  f ootstock  center  as  is  practicable,  especially  on  ^ 
of  small  diameter.  Where  the  work  is  not  so  small,  say  2  inch 
in  diameter,  the  truing  device  can  be  clamped  at  the  most  co 
venient  point,  and  in  either  case  it  should  be  carefully  seen  to  til 
the  stud  holding  the  diamond  and  the  arm  supporting  same,  i 
solid  against  the  work.  If  the  truing  device  is  not  rigid  the  b 
of  the  wheel  will  not  be  dressed  perfectly  true. 

It  will  be  observed  that  tlie  stud  in  which  the  diamond 
mounted  can  be  revolved  in  its  holder  and  it  is  important  that  t 
point  presented  to  the  wheel  should  be  sharp ;  for  instance,  if  t 
diamond  should  become  worn  and  flattened,  it  should  be  tnin 
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hus  present  a  new  point  to  the  wheel.  Keeping  the  wheel 
s  important  for  the  operator  to  observe,  particularly  so  when 
nes  to  make  a  final  finish.  The  wheel  should  be  traversed  "by 
iamond  at  a  uniform  speed,  rather  slowly  in  order  to  give  it 

0  cut  away  the  particles.  If  it  is  desired  to  do  rapid  cutting,  it 
e  found  proper  to  pass  the  wheel  by  the  diamond  more  rap- 
lius  making  a  rougher  face  on  the  wheel. 

le  number  of  times  that  the  face  of  a  grinding  wheel  has  to 
led  depends  entirely  on  the  character  of  the  work  being  fin- 
and  the  kind  of  wheel  used.  There  are  some  wheels  that  wear 
rapidly  enough  so  that  little  truing  is  necessary.  There  are 
ases  where  a  harder  wheel  is  desirable  and  a  hard  wheel  neces- 

requires  more  truing  than  a  soft  one.  Where  pieces  are 
•  large  and  considerable  stock  has  to  be  removed,  it  may  be 
lary  to  true  the  wheel  each  time  a  piece  receives  its  finishing 
Wliere  the  stock  to  be  removed  is  not  more  than  %4-inch 
ter  it  is  advisable  to  finish  in  one  op'^ration,  but  when  there 
much  as  ^g"^^^^  diameter  to  be  removed  it  is  good  practice 
nd  it  in  two  operations.    As  stated  above,  it  is  desirable  gen- 

to  present  a  sharp  point  of  the  diamond  to  the  wheel  in  tru- 
ut  there  are  times  when  the  smooth  surface  is  preferable,  par- 
rly  when  it  comes  to  producing  a  very  fine  finish;  the  flat 
•e  of  the  diamond  will  tend  somewhat  to  glaze  the  wheel  and 
>roduce  a  better  finish.  A  coarse  wheel  properly  trued  will 
ce  a  good  finish. 

le  amount  of  wear  the  wheel  is  subjected  to  depends  upon 
)erator  in  many  cases.  Never  bring  an  emery,  corborundum 
ler  abrasive  wheel  suddenly  against  the  work  or  the  work  ab- 
r  to  the  wheel.  The  feed  should  be  gradual,  so  that  the 
ing  will  start  almost  imperceptibly.  Grinding  is  not  intended 
a  roughing  process  but  is  a  method  of  finishing  in  most  cases 
•eful  manipulation  of  the  feed  control  is  required  to  prevent 
heel  from  ** digging"  in. 

»eed  for  Wheels. — The  table  below  designates  number  of  revo- 
s  per  minute  for  specified  diameters  of  wheels,  to  cause  them 

1  at  the  respective  periphery  rates  of  4,000,  5,000  and  6,000 
er  minute. 
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SPEEDS  FOB  EMEBY  WHEELS. 


Revolutkmi  per 

Revolution!  per 

Rerohitiooipc 

Diameter  Wheel 

Minute  for  Surface 

Minute  per  Surface 

Minute  per  Sort 

Speed  of  4.000  Feet. 

Speed  of  6,000  Feet. 

Speed  of  C^OODFf 

Inch 

1 

15,286 

19,099 

22,918 

2 

7,639 

9,549 

11,459 

3 

5,093 

6,366 

7.639 

4 

3,820 

4,775 

6.730 

5 

3,056 

3,820 

4.584 

6 

2,546 

3.183 

3.820 

7 

2.183 

2,728 

3.274 

8 

1,910 

2,387 

2.865 

10 

1,528 

1.910 

2.292 

12 

1,273 

1,592 

1.910 

14 

1.091 

1,364 

1.637 

16 

955 

1,194 

1.432 

18 

849 

1,061 

1.278 

20 

764 

955 

1.146 

22 

694 

868 

1.042 

24 

637 

796 

965 

30 

509 

637 

764 

36 

424 

631 

687 

The  medium  of  5,000  feet  is  usually  employed  in  ordinary  ^ 
but  in  specific  cases  it  is  sometimes  desirable  to  run  them  at  a  to 
or  higher  rate  according  to  requirements.  We  recommend  a  ni 
ber  of  revolutions  equivalent  to  a  surface  speed  of  5,500  feet  1 
does  not  indicate  that  they  cannot  be  run  at  a  higher  or  lo 
speed,  but  that  it  is  a  good  average  speed  to  produce  good  resi 
To  allow  an  ample  margin  of  safety  it  is  recommended  that  wl 
should  not  be  run  at  a  surface  speed  exceeding  6,000  feet.  E 
shop  should  have  a  speed  indicator  in  order  that  the  speed  o 
grinding  machinery  may  be  known. 


Grading  of  Landis  Qrinding  Wheels. 

NUMBERS 

The  grains  are  numbered  according  to  the  number  of  xb< 
per  lineal  inch  of  the  sieve  through  which  they  have  passed, 
example,  No.  30  is  a  grain  that  will  pass  through  a  sieve  ha 
thirty  meshes  to  the  inch,  but  will  not  pass  through  a  sieve  ha 
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c  meshes.  The  fineness,  or  number,  of  the  emery  or  corun- 
id  in  making  a  wheel  determines  the  '^number"  of  the 

plains  (and  similarly  the  wheels)  are  numbered  as  follows: 
6,  20,  24,  30,  36,  46,  54,  60,  70,  80,  90, 100,  120,  150.  In 
the  lower  numbers  indicate  the  coarser  grains,  the  higher 
,  the  finer  ones. 

1  ordering  wheels,  be  sure  to  specify  diameter,  shape,  thick- 
e  of  center  holes,  the  grade  and  grain  or  description  of 

to  be  ground  and  speed  proposed  to  ran  the  wheels.    If 

give  shape  number. 

poinding  hardened  steel  and  cast-iron,  wheels  made  by  what 
1  as  the  silicate  process  give  very  good  results,  but  the 
wheel  in  our  experience  is  the  better  for  general  use. 
:t  wheel  is  less  apt  to  change  the  temperature  of  the  work 
le  glazed. 

leel  is  most  efiScient  when  just  soft  enough  not  to  glaze  and 
mgh  not  to  wear  away  rapidly. 

\  fine  grained  wheel  for  finish,  a  coarse  wheel  to  remove 
^or  general  grinding  a  24  combination  grain  wheel  gives 
;  results. 

od  practice  is  to  have  several  grades  of  wheels  on  hand 
pted  for  your  diflferent  classes  of  work, 
ys  keep  a  spare  wheel  or  two  on  hand  for  emergencies. 
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CHAPTER   XII 

USEFUL  INFORMATION   FOR  AUTO  REPAIRMEN. 

Anti-Freezing  Cooling  Solutions — Substances  Usually  Combined  with  Wtta 
Advantages  of  Different  Solutions — ^Electrolytic  Action  Not  Desirabli 
The  Best  Mixture — Extinguishing  Fires  in  Volatile  Liquids — First  Aid 
the  Injured — Schaefer  Method  of  Artificial  Respiration — ^The  Repair  Sk 
^ledicine  Chest — Remedy  for  Burns,  Cuts  and  Abrasions — ^Wounds  i 
Painful  Injuries — ^Home-made  Aseptic  Qauze. 


Anti>Freezing  Cooling  MecUums.— To  lower  the  freezing  poi 
of  water  it  is  possible  to  add  various  substances  and  the  prqpc 
tioDs  added  determine  the  point  at  which  the  solution  will  coDgei 
Among  the  materials  commonly  used  may  be  mentioned  commi 
salt,  alcoliol,  glycerine  and  calcium  chloride.  The  alkaline  sol 
lions  produce  a  distinct  electrical  action  wherever  two  diadmil 
metals  arc  used  together  in  the  cooling  system,  such  as  the  bn 
tubing  of  a  radiator  and  the  solder  used  at  the  joints;  the  cast  ill 
water  jacket  and  the  aluminum  or  brass  plates  used  to  doselj 
core  print  holes ;  the  aluminum  pump  casing  and  steel  or  broi 
impeller,  and  at  many  other  points  which  will  vary  with  the  i 
sign  of  the  car  and  the  materials  of  the  components.  The  akfll 
solutions  evaporate  very  quickly,  the  glycerine  solution  affects  ■ 
rubber  hose,  and  the  salt  solutions  leave  an  incrustation  as  l| 
water  evaporates.  It  is  reasonable  to  expect  electrolytic  aetil 
when  metals  of  different  potential  are  used  together  in  any  alksHj 
solution,  which  are  electrolytes  of  high  value.  Taking  it  all inlj 
the  selection  of  the  best  solution  involves  a  consideration  of  dH 
facts  and  various  requirements  must  be  considered  in  the  adi 
of  that  most  suitable.  Considering  the  qualities  of  such  s 
pound  it  will  be  seen  that  no  one  will  combine  all  the  d 
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features,  so  in  selecting  the  solutions  the  following  should  be  kept 
in  mind :  To  begin  with,  and  it  is  a  highly  important  consideration, 
the  solution  used  should  have  no  corrosive  action,  nor  should  its  use 
prove  deleterious  on  the  metals  or  rubber  used  in  the  circulating 
qrstem.  It  must  be  easily  dissolved  in  or  combined  with  water, 
must  be  reasonably  cheap,  and  not  subject  to  rapid  waste  by  evapo- 
ration, and  should  not  be  of  such  character  that  it  will  deposit 
iediment  or  foreign  matter  in  the  jackets,  pipes  or  radiator  water 
ipaees.  Its  boiling  point  should  be  as  high,  if  not  higher  than, 
that  of  water,  and  it  should  not  congeal  at  temperatures  ordinarily 
met  with  where  it  is  used. 

Substances  Usually  Combined  with  Water. — Alcohol  is  pre- 
l^ared  by  destructive  distillation  of  various  vegetable  substances 
Which  contain  starch  or  sugar,  such  as  potatoes,  beets  and  numer- 
ous grains  and  fruits.  Any  starchy  material  will  serve  for  the  pro- 
Inction  of  alcohol  and  the  real  question  is  one  of  cost,  which  varies 
ith  the  locality  in  which  the  manufacture  is  carried  on.  It  mixes 
lily  with  water,  and  does  not  congeal  at  any  known  tempera- 
though  its  boiling  point  is  about  175  degrees  Fahrenheit, 
id  above  this  point  evaporation  is  rapid.  It  is  a  very  volatile 
[uid  and  will  evaporate  at  very  moderate  temperatures.  The 
ihol  generally  used  is  denatured  by  the  addition  of  a  substance 
ich  renders  it  unfit  for  drinking  purposes  and  because  of  the 
it  removal  of  the  government  tax  it  may  be  obtained  for  about 
cents  a  gallon. 

Glycerine  is  obtained  as  a  by-product  in  the  saponification  of 

its  in  soap  and  candle  making,  and  is  an  oily  substance  which 

vary  in  color  from  reddish  brown  when  crude  to  a  colorless 

id  when  pure.  Crude  glycerine  sometimes  contains  free  acids 

small  quantities  though  it  may  be  purified  and  the  color  re- 

>d  when  it  is  to  be  used  for  certain  purposes.    This  substance 

a  much  higher  boiling  point  than  water,  ebullition  taking  place 

a  temperature  of  554  degrees  Fahrenheit.    Glycerine  when  pure 

a  Bweet,  colorless  liquid  and  is  mixable  with  water  and  alcohol 

any  proportion.    It  is  most  largely  used  in  the  manufacture  of 

glycerine,  though  utilized  to  some  extent  in  pharmacy,  soap- 

ig,  filling  instruments  which  require  a  liquid  seal  and  which 
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are  exposed  to  low  temperatures,  and  sweetening  wine.    It 
obtained  in  single  gallon  lots  at  a  cost  about  $1.50. 

Calcium  chloride  is  a  by-product  of  the  Weldon  procesj 
taining  chlorine  which  is  to  be  incorporated  into  bleaching  ] 
from  manganese  ore  and  hydrochloric  acid.  It  is  a  salt  and 
duced  in  the  form  of  crystals,  the  crude  material  being  y( 
white  in  color,  though  after  purification  it  is  clear  white, 
be  obtained  directly  from  marble  or  chalk  by  dissolving  th» 
terials  in  hydrochloric  acid.  It  is  comparatively  cheap  ai 
be  obtained  in  10  pound  sheet  iron  drums  at  nine  cents  per 
Chemically  pure  its  cost  will  vary  from  30  to  60  cents  per 
It  is  very  soluble  in  water,  and  while  it  is  in  solution  it  wil 
the  freezing  point.  It  may  contain  free  acid  in  the  crude 
though  this  may  be  neutralized  by  the  addition  of  a  little 
lime.  Water  will  be  evaporated  rapidly  at  temperatures  in 
of  185  degrees  and  salt  will  remain  in  the  form  of  crystals, 
calcium  chloride  solutions  have  been  very  popular  they  are 
well  thought  of  at  the  present  time  because  of  a  certain  elc 
action  which  is  set  up  when  the  water  circulation  system  i 
posed  of  dissimilar  metals,  as  is  commonly  the  case  in  mol 
construction  and  corrosion  at  the  points  of  juncture  is  unavo 
As  hydrochloric  acid  is  used  when  this  salt  is  obtained,  thei 
be  some  free  acid  in  combination  with  the  cruder  grades,  and 
sive  action  will  be  noted.  The  corrosive  action  of  chemicall; 
salt  is  very  slight,  though  electrical  action  will  be  noted 
similar  metals  are  employed,  regardless  of  the  purity  of  tl 
in  the  solution. 

Advantages  of  Different  Solutions. — The  substances 
ously  discussed  all  have  advantages,  some  as  relates  to  fin 
others  to  freedom  from  trouble.  Alcohol  is  without  doubt  tl 
material  to  use  from  the  viewpoint  of  action  on  metal  or  i 
as  it  does  not  form  deposits  of  foreign  matter,  will  not  fr 
known  temperatures,  and  lias  no  electrical  effect.  It  is  ext 
Volatile,  however,  and  because  of  its  low  boiling  point  will 
rate  at  temperatures  much  less  than  that  of  the  boiling  p 
water,  and  the  sohition  in  the  water  circulation  system 
modern  motor  car  often  heated  to  this  point,  especially  wl 
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ktural  system  of  water  circulation  is  employed.  Combinations  of 
ater,  alcohol  and  glycerine  have  been  tried,  and  have  given  ex- 
Uent  results.  The  additioti  of  the  glycerine  to  a  water-alcohol 
lution  reduces  liability  of  evaporation  to  a  large  extent  and  in- 
"eases  the  boiling  point.  Glycerine  and  water  solutions  were  form- 
rly  considered  favorably,  but  of  late  have  been  abandoned  be- 
iuse  of  certain  strong  disadvantages.  Crude  glycerine  often  con- 
lins  free  acid,  and  in  many  cases,  if  no  free  acid  is  found,  it  may 
peak  down  when  exposed  to  heat,  and  liberate  fatty  acids,  which 
re  found  combined  with  other  elements  in  all  fats  and  oils  of 
aimal  or  vegetable  origin.  While  this  acid  may  not  attack  metals 
'  ft^y  appreciable  extent,  still  its  presence  in  the  cooling  system 
not  desirable.  Glycerine,  as  is  true  of  most  oils,  has  a  destruc- 
^e  effect  on  rubber  hose  and  gaskets,  and  should  not  be  used  in 
■ge  proportions  on  any  car  where  much  of  the  piping  system  is 
rubber  hose.  Glycerine  is  expensive  and  is  liable  to  decompose 
der  the  influence  of  heat,  and  as  the  proportions  used  with  water 
i  larger  than  is  necessary  wdth  other  Substances,  these  solutions 
i  being  replaced  with  alcohol,  water  and  glycerine  compounds, 
ich  are  most  satisfactory  in  ordinary  practice. 
Positive  Proof  of  Electrical  Action. — To  demonstrate  that 
bh  saline  solutions  a  certain  amount  of  electrical  action  was  un- 
>idable,  the  writer  made  a  series  of  tests  in  which  a  number  of 
brs  of  dissimilar  metals  were  placed  in  calcium  chloride  solution 
i  a  low  reading  voltmeter  interposed  in  the  circuit  showed  volt- 
j  ranging  from  one-fifth  to  one-half  volt,  depending  upon  the 
tals  used,  the  strength  of  the  solution  and  the  temperature.  The 
ctrical  action  in  every  case  was  greater  as  the  temperature  was 
ireased.  Extreme  care  was  taken  in  making  these  tests,  and  the 
mlts  obtained  were  carefully  checked  by  another  series  of  tests 
th  the  same  metals  and  fresh  solutions.  The  solution  used  was 
)  weakest  of  the  calcium  chloride  and  water  combinations,  and 
tB  made  of  two  pounds  of  salt  to  a  gallon  of  liquid.  This  solu- 
m  has  a  freezing  point  of  18  degrees  F.,  only  a  few  degrees  lower 
an  plain  water.  With  zinc  and  copper  the  current  indication  was 
lO-fifths  of  a  volt,  just  half  as  much  energy  as  obtained  with  sal- 
Unoniac,  a  recognized  electrolyte,  in  previous  test.    The  tempera- 
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ture  was  about  68  degrees  Fahrenheit.  Copper  and  east 
showed  more  energy  than  when  the  same  elements  were  imm 
in  standard  electrolyte,  namely,  three-tenths  of  a  volt.  Coppei 
solder  showed  the  same'as  when  sal-ammoniac  was  used,  the  in 
tion  being  one-fifth  volt.  When  aluminum  and  cast  iron 
tested  the  indication  was  less  than  one-tenth  volt.  Aluminum 
brass  produced  one-fifth  volt,  brass  and  solder  one-tenth  volt 
brass  and  cast  iron  one-tenth  volt.  This  electrolyte  is  the  wei 
of  the  calcium  chloride  solutions  which  have  been  advised  by 
who  know,  for  use  in  the  circulation  system.  Its  suitability  foi 
purpose  is  left  to  the  reader's  judgment. 

The  results  with  the  stronger  solution  were  about  the  same, 
only  difference  noted  being  that  the  needle  moved  over  further ' 
each  stronger  solution,  though  it  settled  to  about  the  same  rea( 
as  with  the  weaker  solution  for  the  same  elements.  All  the 
ments  were  tested  in  four  different  mixtures  and  results  caref 
noted.  To  test  the  effect  of  increased  temperature  on  current ; 
duction,  four  ounces  of  the  strong  solution,  that  of  five  poB 
calcium  chloride  to  the  gallon  of  water,  was  heated  to  180  deg 
Fahrenheit;  a  temperature  slightly  less  than  its  boiling  point, 
the  zinc  and  copper  elements  placed  in  the  jar  and  a  reading  tal 
While  tlie  reading  at  70  degrees  Fahrenheit  was  two-fifths  volt 
the  liiglier  temperature  the  indication  of  the  needle  was  th 
fifths  volt,  almost  as  much  as  obtained  with  the  regular  sal- 
moniac  solution  at  normal  temperatures. 

Electrolytic  Action  Not  Desirable. — ^Where  there  is  el» 
cal  action  there  is  also  corrosion  and  deterioration  of  the  in 
which  acts  as  the  negative  element.  While  it  is  true  that  the 
rent  produced  between  the  metals  falls  off  in  pressure  becaus 
polarization  of  the  positive  element,  it  must  be  consideired  that 
constant  circulation  of  the  solution  through  the  jacket  and  pi] 
must  to  a  certain  extent  act  as  a  depolarizer  because  of  agita 
of  tlie  liquid,  which  has  a  tendency  to  keep  the  surface  of  the  ] 
tive  element  free  from  gas  bubbles.  ,  It  is  reasonable  to  assume 
there  will  be  a  continued  electrical  action  all  the  time  that  the  i 
tion  is  in  a  cooling  system,  though  at  times  this  may  be  very  di 
To  be  sure  that  the  action  was  caused  by  the  calcium  chloride  a 
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d  not  acid  in  solution  the  various  solutions  were  carefully  tested 
fh  litmus  paper  for  acid  without  detecting  the  minutest  trace. 
len  for  the  purpose  of  testing  the  litmus  paper  a  single  drop  of 
''drochloric  acid  placed  in  the  solution  turned  the  blue  litmus 

a  light  pink,  proving  conclusively  that  the  test  paper  was  of 
■oper  strength.     Then  consider  that  all  the  time  the  engine  is 

operation  the  temperature  is  nearly  to  the  boiling  point  of  the 
lutions,  in  some  cases  more,  and  it  will  be  seen  that  the  degree  of 
ectrical  activity  is  considerably  increased. 

The  cellular  cooler  is  composed  of  innumerable  soldered  joints 
id  at  every  one  of  these  there  will  be  a  certain  amount  of  elec- 
ical  action,  which  in  the  aggregate  will  amount  to  a  considerable 
irrent.  At  various  other  points  of  the  cooling  system,  wherever 
lere  is  two  unlike  metals  in  combination,  we  have  other  small 
iirents,  which  decompose  their  quota  of  metal  and  assist  in  filling 
le  system  with  sediment  and  foreign  matter,  not  to  mention  the 
It  crystals  which  will  be  formed  as  the  solution  evaporates.  The 
riter  does  not  claim  that  the  test  showed  absolute  results,  but  they 
^monstrated  that  without  doubt  electrical  action  does  exist  when 
lutions  of  calcium  chloride  or  any  other  salt  are  used  to  prevent 
"eezing. 

The  Best  BUxtiire. — Plain  water  and  alcohol  solutioi^s  would 
^  the  best  were  it  not  for  the  ease  with  which  such  compounds 
>il  and  the  rapidity  with  which  they  evaporate.  We  have  seen 
^bX.  the  objections  advanced  against  calcium  chloride  solution  have 
Uple  foundation  and  that  such  compounds  are  not  suitable  for 
le,  the  chief  advantage,  that  of  cheapness,  having  been  eliminated 
f  the  reduction  in  the  price  of  denatured  alcohol.  The  addition 
?  a  little  glycerine  to  an  alcohol  and  water  solution  reduces  lia- 
lity  of  evaporation,  and  when  used  in  such  quantities  it  has  no 
ijnrious  effect  to  speak  of  on  rubber  hose.  The  tables  show  the 
^mbinations  and  their  freezing  points  and  the  proper  proportions 
\  the  mixtures  used  must,  of  course,  be  governed  by  conditions  of 
eality,  but  it  is  better  to  be  safe  than  sorry,  and  make  the  solu- 
tliis  strong  enough  for  the  extremes  that  may  be  expected.  The 
riter  has  used  both  alcohol  and  water,  and  glycerine,  alcohol  and 
ater  solutions,  with  good   results,  though  considerable   trouT' 
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Fig.  465. — Special  Testing  Hydrometer  for  De- 
termining Density  of  Alcohol-Water  Cooling 
Solutions,  Giving  Freezing  Points. 


has  already  bee 
rieneed  when  sa 
lutions  were  em 
Oils  of  va 
kinds  have  been 
mended,  these  b 
the  character  ( 
used  in  lubricat 
making  machine 
made  especia 
withstand  low  t 
atures.  Such  o 
not  absorb  heat 
as  water  and 
be  used  only  wh 
ceptionally  gooc 
ods  of  cooling  a 
vided,  such  as  ; 
radiator,  all  mel 
ing  and  positive 
This  oil  will  atta 
ber  hose,  howevi 
it  would  seei 
things  consider 
cohol  solutioi 
preferable  to  all 
The  following 
tions  give  the  i 
values  of  solutio 
monly  employee 


CALCIUM    CHLORIDE   SOLUTIONS 

2  pounds  salt,  1  erallon  water. Freezinfir  point,    18^  \ 

3  pounds  salt,  1  gallon  water. Freezincr  point,  1.5^  \ 

4  pounds  salt,  1  erallon  water. Freezing  point,  -17^  \ 

5  pounds  salt,  1  srallon  water Freesing  point,  -89^  \ 
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WATER   AND   ALCOHOL    SOLUTIONS 

Water  95%,  Alcohol    6% Freezing  point,    25**  F. 

Water  86%,  Alcohol  15% Freezing:  point,    ll**  F. 

Water  80%.  Alcohol  20% Freezing:  point,     5^  F. 

Water  70%,  Alcohol  30% Freezing  point,   -5°  F. 

Water  66%,  Alcohol  36% Freezing:  point,  -le**  F. 

WATER,   ALCOHOL   AND   GLYCERINE   SOLUTIONS 

Water  85%,  Alcohol— Glycerine  15%. . . .  Freezing:  point,    20**  F. 
Water  75%,  Alcohol— Glycerine  26%. . . .  Freezing:  point,     8**  F. 

Water  70%,  Alcohol— Glycerine  30% Freezing  point,    -5*  F. 

Water  60%,  Alcohol— Glycerine  40%. . .  .Freezing  point,  -23*'  F. 
Alcohol  and  Glycerine — equal  proportions. 

EXTRACTS    FROM    A    PAPER    READ    BY    EDW.    H.    BARRIER 
BEFORE   THE    AMERICAN    SOCIETY    OF    MECHANICAL 

ENGINEERS. 


Extinguishing  Fires  in  Volatile  Liquids.— The  extinguish- 
K  of  fires  in  oils,  gasoline  and  in  most  of  the  volatile  liquids  has 
ways  been  a  difficult  problem  and  where  fires  of  this  kind  occur 
e  results  are  frequently  very  disastrous.  Our  most  common  extin- 
lishing  agent,  water,  works  rather  unsatisfactorily  upon  the  ma- 
rity  of  such  fires,  but  it  is  still  the  only  one  available  where  heroic 
easures  are  required.  Comparatively  recently,  however,  there 
Lve  been  two  or  three  other  materials  introduced  for  use  as  ex- 
iguishers  which  have  shown  some  promise  tor  dealing  with  these 
^eg,  and  it  is  the  writer's  purpose  to  discuss  these  materials  and 
e  conditions  under  which  they  prove  the  most  efficient.  Not  all 
■es  in  volatile  liquids  are  difficult  to  handle  with  water.  When 
e  liquid  is  miscible  with  'water  this  extinguishing  agent  can  be 
ccessfuUy  used.  Examples  of  this  kind  are  denatured  alcohol, 
K)d  alcohol,  grain  alcohol,  acetone,  etc.  Where  the  liquid  is  not 
Iscible  with  water  little  or  no  effect  is  produced  except  to  wash 
B  burning  liquid  out  of  the  building  where  it  may  be  completely 
QSiumed,  or,  if  the  quantity  of  oil  is  small,  possibly  to  extinguish 
B  fire  by  the  brute  cooling  effect  of  a  large  quantity  of  water 
rayed  upon  the  fire.    Soda  and  acid  extinguishers  are  somewhat 
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lore  eflFective  than  pure  water,  but  even  they  fail  under  most  con- 
itions.  The  various  grenades  containing  salt  solutions  which  were 
Drmerly  extensively  exploited  are  of  course  practically  worthless. 
•he  only  principles  that  can  be  made  use  of  in  extinguishing  firea 
n  volatile  oils  are  (a)  to  form  a  blanket  either  of  gas  or  of  solid 
Uiterial  over  the  burning  liquid  which  will  exclude  the  oxygen  of 
be  air  or  (b)  to  dilute  the  burning  liquid  with  a  non-inflammable 
xtinguishing  agent  which  is  miscible  with  it. 

Sawdust  and  Bicarbonate  of  Soda.— To  the  blanketing  type 
f  extinguishers  belongs  sawdust.  Paradoxical  as  it  may  seem, 
Tdinary  sawdust  is  an  excellent  extinguishing  agent  for  certain 
olatile  liquids,  especially  those  of  a  viscous  nature.  A  consider- 
kle  number  of  experiments  were  conducted  in  the  fall  of  1912  by 
he  inspection  department  of  the  Associated  Factory  Mutual  Fire 
nsurance  Companies,  in  the  extinguishing  of  fires  in  lacquer  and 
Gasoline  in  tanks  with  sawdust,  and  the  results  were  surprisingly 
atisfactory.  The  liquids  were  placed  in  three  tanks  30  inches  long, 
2  inches  wide  and  16  inches  deep ;  48  inches  long,  14  inches  wide 
Ad  16  inches  deep;  and  60  inches  long,  30  inches  wide  and  16 
tiches  deep.  The  sawdust  was  applied  with  a  long-handled,  light 
•ut  substantially  built  snow  shovel  having  a  blade  of  considerable 
Tea.  In  every  case  the  fires  were  extinguished  readily,  especially 
XX  the  two  smaller  tanks  which  were  about  as  large  as  any  ordi- 
narily employed  for  lacquer  in  manufacturing  establishments.  The 
fficiency  of  the  sawdust  is  undoubtedly  due  to  its  blanketing  ac- 
ion  in  floating  for  a  time  upon  the  surface  of  the  liquid  and  ex- 
ludin^  the  oxygen  of  the  air.  Its  efficiency  is  greater  on  viscous 
quids  than  thin  liquids,  since  it  floats  more  readily  on  the  former 
[lan  on  the  latter.  The  sawdust  itself  is  not  easily  ignited,  and 
'hen  it  does  become  ignited  it  burns  without  flame.  The  burning 
tnbers  have  not  a  sufficiently  high  temperature  to  reignite  the 
quid.  The  character  of  the  sawdust,  whether  from  soft  wood  or 
ard  wood,  appears  to  be  of  little  or  no  importance,  and  the  amount 
t  moisture  contained  in  it  is  apparently  not  a  factor,  so  that  the 
rying  out  of  sawdust  when  kept  in  manufacturing  establishments 
»r  a  time  would  not  affect  the  efficiency.  It  was  found  that  the 
dmixture  of  sodium  bicarbonate  greatly  increased  the  efficiency 
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of  the  sawdust  as  shown  both  by  the  shortened  time  and  tl 
creased  amount  of  material  necessary  to  extinguish  the  fire 
further  advantage  of  the  addition  of  bicarbonate  of  soda  i 
it  decreased  the  possible  danger  resulting  from  the  presence  o 
dust  in  manufacturing  plants  since  it  would  be  difficult  if  n 
possible  to  ignite  the  mixture  by  a  carelessly  thrown  match  c 
other  source  of  ignition.  Although  the  efficiency  of  the  sa 
is  greatest  on  viscous  liquids  such  as  lacquers,  hea^'y  oils,  ; 
waxes,  etc.,  in  the  test  referred  to,  fires  were  extinguished  in 
line  contained  in  the  smallest  tank  and  also  when  spread  up< 
ground.  In  larger  tanks  the  sawdust  or  bicarbonate  mixtun 
not  work  so  well  since  the  sawdust  sinks  before  the  whole  si 
can  be  covered,  whereupon  the  exposed  liquid  reignites. 

Carbon  Tetrachloride. — In  recent  years  carbon  tetrach 
has  received  considerable  attention  as  a  fire  extinguishing  ; 
This  is  due  largely  to  the  activity  of  certain  manufacturers  < 
extinguishers  which  use  liquids,  the  basis  of  which  is  carbon 
chloride.  This  substance  is  a  water  white  liquid  and  po$ 
when  pure  a  rather  agreeable  odor  somewhat  similar  to  chlorc 
A  considerable  proportion  of  the  commercial  article  upo 
market,  however,  contains  sulphur  impurities  which  impart 
agreeable  odor  to  the  liquid.  The  substance  is  quite  heav 
specific  gravity  being  1.632  at  32  degrees  Pahr.  It  is  non-ii 
mable,  non-explosive,  and  is  readily  miscible  with  oils,  waxes, 
etc.  When  mixed  with  inflammable  liquids  it  renders  them 
inflammable  provided  a  sufficient  quantity  is  added.  Its  va 
heavy,  the  specific  gravity  being  about  five  and  one-half  time 
of  air,  consequently  it  settles  very  rapidly.  As  an  extingu 
agent  it  operates  by  both  the  principles  mentioned,  name 
dilutes  the  inflammable  liquid  rendering  it  non-fiammable, 
least  less  inflammable,  and  it  forms  a  blanket  of  gas  or  vapo; 
the  burning  liquid  which  excludes  the  oxygen  of  the  air. 

Although  this  exposition  is  confined  to  a  discussion  of 
guishing  fires  in  oils  and  volatile  liquids,  it  may  not  be  out  of 
to  mention  that  the  claims  made  by  certain  manufacturer 
ducing  extinguishers  which  use  liquids,  the  basis  of  which  is  ( 
tetrachloride,  are  grossly  exaggerated.     These  preparations. 
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hich  is  more  efficient  than  carbon  tetrachloride,  are  not  the 
•^alent  of  the  ordinary  water  extinguishers  for  general  use  on 
materials  as  cotton,  wood,  paper,  oily  waste,  etc.  On  volatile 
3s,  oils,  etc.,  carbon  tetrachloride  has,  however,  shown  very 
factory  results  under  some  conditions,  but  the  readiness  with 
hi  a  fire  can  be  extinguished  with  it  depends  to  a  considerable 
it  upon  the  skill  of  the  operator  and  the  length  of  time  that 
iquid  has  been  burning  is  an  important  factor,  and  in  such 
where  the  sides  of  the  tank  become  heated  the  only  way  in 
h  the  fire  can  be  extinguished  is  to  squirt  the  liquid  forcibly 
e  sides.  If  the  carbon  tetrachloride  is  squirted  directly  into 
iquid  it  is  much  more  difficult,  if  not  impossible  to  extinguish 
ire.  The  height  of  the  liquid  in  the  tank  is  also  a  very  im- 
int  factor.  Where  the  liquid  is  low  the  sides  form  a  pocket 
h  retains  the  vapor  and  aids  considerably  in  smothering  the 
!.  When  the  tank  is  nearly  full,  however,  this  condition  does 
jxist,  and  it  is  then  very  difficult,  if  not  impossible,  to  extin- 
1  a  fire  in  a  highly  volatile  liquid  such  as  gasoline;  only  the 
skilled  operators  are  successful  in  these  cases, 
'he  size  of  the  tank  or  the  extent  of  the  fire  upon  the  floor  is, 
auld  be  expected,  of  considerable  importance.  In  tanks  larger 
about  28  inches  by  12  inches  more  than  one  extinguisher  and 
itor  working  at  a  time  are  necessary  to  extinguish  a  fire  in 
materials  as  gasoline.  In  one  test  where  a  tank  60  inches  by 
iches  was  used  no  less  than  seven  operators  were  necessary, 
even  then  it  was  only  with  the  greatest  difficulty  that  the  fire 
put  out.  All  of  the  above  remarks  apply  to  tetrachloride  in 
ordinary  one  quart  extinguisher  as  generally  sold.  It  is  prob- 
that  a  large  extinguisher  which  could  throw  a  large  stream 
d  prove  more  efficient,  but  on  account  of  the  great  weight  of 
>n  tetrachloride  such  an  extinguisher  would  have  to  be  spe- 
r  designed  to  make  it  readily  portable  by  mounting  on  a  truck 
me  similar  means.  Expelling  the  liquid  by  means  of  a  hand- 
ping  arrangement  would  probably  be  unsatisfactory,  and  it 
d  therefore  be  necessary  to  force  it  out  in  some  other  way. 
.  few  systems  have  recently  been  installed  in  which  an  elevated 
containing  tetrachloride  was  connected  with  automatic  sprink- 
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s  or  perforated  pipes  located  in  hazardous  rooms  where  fohAamtly 
i  inflammable  liquids  are  in  use.  So  far  as  is  known  nrwrfcili  ur 
«e  systems  has  as  yet  been  called  upon  to  extinguish  a  fin^lBl  &  l:ii< 
Te  appears  to  be  no  reason  why  such  a  system  should  DOtiSRk-s^^ 
le  excellent  protection  in  special  cases.  In  such  systems  it  vgAfction 
necessary  to  consider  the  safety  of  the  workmen  and  foniljil  the 
idy  means  of  escape,  since  carbon  tetrachloride  is  an  anollMkite  ea 
i  where  thoroughly  sprayed  through  the  air  as  from  an  Hllbbe  qi 
itic  sprinkler  it  would  probably  produce  rapid  results.  WBoont 
ture  and  effect  of  the  fumes  given  off  when  carbon  tel  i  m  litaJBuii  ^ 
thrown  upon  the  fire  is  a  subject  which  has  received  a  greit  ^kt  a  c* 
discussion.  When  the  liquid  comes  in  contact  with  a  fin  4wphtl 
por  is  partly  decomposed  resulting  in  the  evolution  of  a  eoiilnoarf 
ible  quantity  of  black  smoke  which  undoubtedly  ia  divided  ciitMlifie 
ngent  gases  are  also  produced  which  appear  to  be  mostly  hydnD&ne. 
[oric  acid  with  possibly  a  small  amount  of  chlorine.  Since  ch  T 
1  tetrachloride  contains  no  hydrogen  from  which  hydrodikdctiJ^ 
d  can  be  formed  this  substance  must  be  produced  by  the  sctiMeccl^ 
chlorine  on  the  gases  arising  from  the  burning  material  or  iQttltf  li 
» moisture  of  the  air.  The  fumes  of  carbon  tetrachloride  althflS^liUD 
a  very  pungent  nature,  do  not  produce  any  permanent  injonttLe 
der  ordinary  conditions  where  the  operator  can  make  his  eaopi  jd^s 
er  he  has  inhaled  all  that  he  can  stand,  but  they  are  a  diitiad  md 
adicap  in  fighting  a  fire  and  are  one  of  the  objectionable  featmii'  has 
carbon  tetrachloride  as  a  general  fire  extinguishing  agent  Ii 
ge  rooms  or  where  a  small  quantity  of  carbon  tetrachloride  ■ 
9fieient  to  extinguish  a  fire  the  gases  are  of  course  less  obj» 
nable. 
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Frothy  Mixtures. — Another  method  of  extinguishing  firei  %  Mei 

3  and  volatile  liquids  wliich  has  recently  been  proposed  and  Or  \i^ 

piuiented  with  is  that  of  using  frothy  mixtures.    The  idea  weam  Ipjiv; 

bt*  a  very  promising  one.  and  the  tests  which,  have  been  thiufff  Vs^  j 

>ortf»d  indicate  very  satisfactory  results.     The  idea  was  orip-|it  ^ 

ted  and  has  been  developed  in  Germany.    So  far  as  is  known 

>eriiiieiits  along  tliis  line  have  been  conducted  in  this  eomti}^, 

e  i»roeess  eonsisls  v.'?^9,^w\.\a\\\  \xv  e.^\v&vft%  V«^  \\QSivda  to  mix  is 

k  where  foam  \s  \>toA\\c^O^.  "W^Vw^Sa 
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iently  strong  to  permit  of  the  foam  being  forced  out  by  carbon  di- 
ide  under  pressure  and  the  foam  is  conveyed  to  the  fire  by  means 

a  line  of  hose.  The  exact  nature  of  the  liquids  has  not  been 
sclosedy  but  one  of  them  probably  consists  of  a  sodium  carbonate 
Lution  containing  froth-forming  ingredients  such  as  glue  or  casein 
d  the  other  an  alum  solution.  The  two  on  coming  together  gen- 
ate  carbon  dioxide,  which  produces  froth.    This  froth  is  reported 

be  quite  stiff  and  to  shrink  in  volume  but  a  comparatively  small 
lount  even  after  a  period  of  half  an  hour.  A  number  of  tests 
sre  conducted  in  the  winter  of  1912  in  Germany;  some  of  them 
L  a  considerable  scale.  In  one  case  as  much  as  five  tons  of  crude 
kphtha  in  a  tank  was  involved,  and  in  another  an  area  of  1,300 
iiare  feet  of  burning  tar  was  used.  In  all  cases  the  results 
are  reported  satisfactory,  the  fires  being  extinguished  in  a  short 
cue. 

The  frothy  mixture  undoubtedly  owes  its  efficiency  to  its  blank- 
ing action  in  settling  upon  the  surface  of  the  burning  liquid,  thus 
:cluding  the  oxygen  of  the  air,  and  to  the  fact  that  the  bubbles 
'  liquid  contain  carbon  dioxide  which,  upon  bursting,  produce  an 
xnosphere  in  which  combustion  cannot  take  place.  According  to 
«  latest  report  the  matter  is  still  in  an  experimental  stage,  various 
stalls  regarding  the  form  of  apparatus,  most  efficient  pressure 
id  design  of  nozzles  being  under  consideration ;  but  from  what 
^  already  been  done  it  would  appear  that  the  idea  is  a  very 
^mising  one. 

First  Aid  to  Injured. — While  automobile  repairing  is  not 
assed  as  a  precarious  occupation,  accidents  are  frequent  in  the 
op  or  on  the  road  and  a  knowledge  of  first  aid  principles  may 
'ten  avert  more  serious  consequences  and  do  much  to  alleviate 
€  pain  of  the  injured  person  pending  the  arrival  of  a  competent 
iysician.  The  following  information  may  be  studied  to  advantage 
^  all  interested  in  mechanical  work  and  by  automobile  operators 

well. 

Shock:  Shock  is  a  sudden  depression  of  the  vital  powers  arising 
om  an  injury  or  a  profound  emotion  acting  on  the  nerve  centers 
id  inducing  exhaustion.  The  symptoms  are  subnormal  tempera- 
re  and  irregular,  weak  and  rapid  pulse ;  a  cold,  clammy,  pale,  and 
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profusely  perspiring  skin ;  irregular  breathing ;  the  persop  aff« 
usually  remains  conscious  and  will  answer  when  spoken  to, 
stupid  and  indifferent  and  lies  with  partly  closed  lips.    Alwayil 
sure  that  there  is  no  concealed  hemorrhage. 

Treatment:  Lower  the  head,  wrap  the  patient  in  hot  bl 
and  surround  him  with  lamps  or  other  heat  giving  objects.   6i 
an  ordinary  stimulant,  as  black  coffee,  to  be  sipped  as  hot  as  it 
be  borne;  half  teaspoonful  doses  of  aromatic  spirits  of  ammc 
may  be  given  every  20  or  30  minutes.    Small  doses  of  whisky 
brandy  may  be  given,  provided  there  is  no  hemorrhage.    One 
two  teaspoonful  every  15  or  20  minutes  will  help  to  tide  the 
tient  over  until  the  doctor  comes.    Inhalation  of  oxygen  is  ol 
of  much  service ;  artificial  respiration  may  be  necessary  in  soi 
cases.    Hot  applications  over  the  heart  and  spine  should  be  used 
practical.    Always  hurry  up  the  doctor. 

Fractures:  A  fracture  is  a  break  in  a  bone  caused  by  a  dired 
or  indirect  violence.  Fractures  are  the  most  important  class  of  ii- 
juries  with  which  we  have  to  deal,  not  only  because  they  render  th 
victim  a  cripple  for  the  time  being,  but  because  the  further  useful- 
ness of  the  limb  depends  upon  the  recognition  of  the  trouble  and 
its  proper  immediate  treatment.  Frequently  ignorance  or  carele* 
ness  in  handling  a  fracture  in  the  beginning  renders  the  suSerfl 
an  invalid  or  cripple  throughout  his  life; 

Treatment:  In  examining  the  fracture  great  gentleness  in  hani 
ling  the  part  should  be  exercised.  The  limb  should  be  handled  U 
little  as  possible.  If  the  nature  of  an  injury  is  in  doubt,  it  shonH 
be  treated  as  a  fracture  until  the  doctor  arrives.  Never  allow  I 
person  suffering  from  a  broken  limb  to  be  moved  until  the  part  ii 
properly  supported  by  splints.  To  treat  a  fracture,  draw  the  frifr 
tured  limb  into  a  natural  position  and  hold  it  there  by  the  appt 
cation  of  splints. 

Dislocations:  A  dislocation  is  a  complete  separation  or  displace 
ment  of  the  surfaces  of  a  joint,  caused  usually  by  direct  violence 
but  may  sometimes  be  produced  by  indirect  violence  or  sudden  mm 
cular  contraction.  The  symptoms  are:  Pain,  swelling,  diacolora! 
tion,  rigidity ;  the  natural  position  of  the  limb  is  changed;  th 
length  is  altered. 
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Treatment:  Restore  the  bone  to  normal  position  and  hold  it  in 
lace.  To  properly  reduce  the  dislocation,  some  surgical  skill  and 
nowledge  of  the  anatomy  of  joints  are  required.  First-aid  men 
liould  never  try  to  reduce  any  dislocations  except  those  of  the  jaw 
nd  fingers. 

Sprains:  A  sprain  is  a  twisting  or  wrenching  of  a  joint,  pro- 
ucing  a  tearing  of  the  ligaments  and  sometimes  of  the  surrounding 
aft  parts.  It  is  followed  by  severe  pain  and  marked  swelling  and 
iscoloration.  Sprains  are  important  injuries  and  should  be  prop- 
rly  treated  immediately,  as  sometimes  permanent  disability  may 
}llow  failure  to  give  them  proper  care.  They  are  very  often  more 
irious  than  a  fracture. 

Treatment:  Let  the  injured  person  rest;  elevate  the  injured 
art  and  fix  it  in  place  either  with  splints  or  by  wrapping  the 
)int  tightly  with  a  roller  bandage  or  with  adhesive  plaster.  Give 
at  or  cold  applications  by  placing  the  injured  part  in  hot  or  cold 
ater  or  by  the  application  of  towels  wrung  out  of  ice  water  or 
ot  water. 

Strains:  A  strain  is  the  wrenching  or  tearing  of  a  muscle  or 
(ndon  and  is  usually  caused  by  violent  exertion  or  sudden  unex- 
ected  movements.  A  strain  generally  occurs  in  the  muscles  or 
(ndons  of  the  arms  or  legs.  The  symptom  is  sudden,  sharp  ex- 
•uciating  pain. 

Treatment:  Let  the  injured  person  rest;  bandage  the  injured 
art  tightly  or  apply  adhesive  plaster.    It  is  sometimes  necessary 

>  prevent  movement  of  the  part  by  splinting. 

Burns  and  Scalds:  Burns  are  caused  by  exposure  of  the  body 

►  dry  heat,  such  as  the  heat  of  fire  or  explosions  of  gas  and  powder, 
hereas  scalds  are  produced  by  moist  heat,  as  the  heat  of  boiling 
ater  or  steam.  The  danger  from  a  burn  depends  upon  its  depth 
id  extent,  and  also  on  the  age  and  general  condition  of  the  per- 
m  injured. 

The  symptoms  in  a  first-degree  burn  are :  Severe,  burning  pain, 

(ddening  of  the  skin,  formation  of  blisters;  in  a  second-degree 

im  destruction  of  the  skin;  in  a  third-degree  burn,  destruction 

!  the  skin  and  some  of  the  tissue  beneath.    In  severe  bums  shock 

present. 
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Treatment:  Carefully  remove  the  clothing  from  the  bi 
part,  exclude  the  air  as  quickly  as  possible  from  burned  si 
with  some  clean  covering  and  treat  for  shock. 

The  most  generally  used  covering  for  burns  is  picric-acid  j 
This  is  ordinary  sterile  gauze  which  has  been  saturated  wit) 
half  to  one  percent,  solution  of  picric  acid.  It  has  this  advani 
it  is  clean  and  ready  for  use.  Moisten  the  picric-acid  gaua 
clean  water  and  put  it  over  the  burned  surface.  Over  the 
place  a  layer  of  absorbent  cotton  then  apply  a  bandage  t< 
in  place. 

Carron  oil,  which  is  a  mixture  of  equal  parts  of  limewat( 
linseed  oil,  is  often  used,  and  is  very  good.  It  is  applied  as  fc 
Take  a  piece  of  sterilized  gauze  large  enough  to  cover  the  I 
surface;  saturate  the  gauze  with  carron  oil  and  cover  the 
Dress  with  absorbent  cotton  and  cover  with  a  bandage. 

Vaseline,  sweet  oil,  olive  oil  and  balsam  oil  are  all  good 
ings.  If  nothing  better  is  at  hand  dissolve  some  bicarbon 
soda  in  sterilized  water.  Gauze  wrung  out  of  this  and  sprea< 
the  burn  will  give  relief.  Remember  that  severe  bums  are  i 
panied  by  shock,  and  always  treat  a  burned  patient  for  sh( 
well  as  for  burns. 

Schaefer  Method  of  Artificial  Respiration:  Free  the  victin 
electric  current  condqctors  or  in  case  of  drowning,  roll  on  a 
to  expel  water  and  instantly  remove  him  to  fresh  air.  Rapid] 
with  the  finger  in  his  mouth  and  throat  and  remove  any  f 
body  (tobacco,  false  teeth),  then  begin  artificial  respiration  at 
Proceed  as  follows: 

Lay  the  subject  on  his  stomach  with  arms  extended  as  st 
forward  as  possible  and  with  face  to  one  side  so  that  the  nos 
mouth  are  free  for  breathing.  Let  an  assistant  draw  forwa] 
subject's  tongue. 

Elneel  straddling  the  subject's  thighs  and  facing  his  head 
the  palms  of  your  hands  on  the  loins  (on  the  muscles  of  the 
of  the  back)  with  the  fingers  spread  over  the  lowest  ribs 
467  A). 

With  arms  held  straight,  fingers  forwiurd,  slowly  swing  fo 
so  that  the  weight  of  your  body  is  gradually  and  without  vi 
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"ought  to  bear  upon  the  siibject  (Pig.  467,  B).  This  act  should 
ie  two  to  three  seconds.  Then  immediately  swing  backward  so 
*  to  remove  the  pressure,  returning  to  the  position  swing  in  Fig, 
57,  A,  Repeat  regularly  12  to  15  times  per  minute  the  swinging 
^nrard  and  backward,  completing  a  respiration  in  four  or  five 
Keonds. 

As  soon  as  this  artificial  respiration  has  been  started  and  while 
:  is  being  conducted  an  assistant  should- loosen  any  tight  clothing 
fcout  the  subject's  chest  or  waist.     Continue  the  artificial  respira- 


Fli.  467.— ninstratlDg  Sliaefer  Uetliod  of  Artlflclal  SMpintfon. 
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tion  without  interruption  until  natural  breathing  is  restorec 
necessary  two  hours  or  longer)  or  until  a  physician  arrives 
natural  breathing  stops  after  having  been  restored,  use  arti 
respiration  again.  Some  patients  have  been  revived  after  se 
hours  of  hard  work. 

As  soon  as  signs  of  life  appear  the  lower  limbs  should  b 
^^ated  and  rubbed  vigorously  toward  the  heart.  Hot  applicj 
should  be  used  over  the  heart  if  practicable.  If  the  patient 
consciousness  and  is  able  to  swallow  give  hot  coffee  or  hal 
spoonful  doses  of  aromatic  spirits  of  ammonia  and  treat  as  in  s 
Do  not  put  any  liquid  in  the  patient's  mouth  until  he  is  full) 
scions.    Give  the  patient  fresh  air,  but  keep  him  warm. 

Send  for  the  nearest  doctor  and  pulmotor  as  soon  as  the 
dent  is  discovered. 

Automobile  Bepair  Shop  Medicine  Chest. — The  foUowic 
tracts  are  from  an  article  by  Dr.  W.  B.  Ingraham  published  i 
Scientific  American.  The  instructions  are  so  plainly  given 
they  can  be  followed  to  advantage  by  the  repairman  and  mael 
and  the  various  remedies  and  supplies  mentioned  may  be  a 
tageously  included  in  the  shop  equipment  because  the  various  i 
accidents  that  may,  happen  in  the  shop  may  be  treated  by 
shopmate  or  member  of  the  clerical  force  trained  for  this  dutj 
men  kept  at  work  after  minor  wounds  are  dressed. 

Bemedy  for  Slight  Bums. — Does  the  ''Handy  Man"  ever 
himself?    Of  course.     One  of  the  best,  most  convenient  ren 
he  can  use  is  solution  of  picric  acid  in  water.  It  is  very  satis 
and  just  a  little  gratifying  to  have  the  excessive  pain  of  first  d 
burns  instantly  quieted.     First  degree  bums  are  superficial 
the  nerve  endings,  not  being  destroyed  as  in  the  deeper  secon( 
third  degree  burns,  set  up  a  howling  remonstrance  in  the  w 
pain.    Picric  acid  of  a  strength  1  to  200  (about  one-third  teas 
ful  to  one  pint  of  water)  or  a  saturated  solution  is  used, 
antiseptic  and  will  prevent  suppuration.    It  is  analgesic  and 
make  it  feel  good."    It  stains  yellow,  but  the  stain  comes  o 
the  wash.    Keep  a  small  vial  handy.    When  you  get  a  bur 
skin  is  not  broken),  sprinkle  a  little  acid  in  a  basin  of  water, 
rate  a  strip  of  gauze  or  cloth  with  this  and  bandage  in  place 
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very  little  while  (or  as  soon  as  the  picric  acid  coagulates  the 
luminous  exudate)  the  pain  is  quieted. 

Por  Deep  Bums. — Use  picric  acid  as  above  for  deeper  burns 
blisters  and  broken  skin)  but  more  carefully.  Pour  a  little  alcohol 
^  the  basin  to  be  used.  Roll  it  about  so  that  the  alcohol  wets  all 
^e  inside.  Set  it  on  fire  and  every  germ  in  that  pan  dies  in- 
Untly.  Pour  water  that  has  been  boiled  from  the  teakettle  into 
ae  pan,  and  add  the  picric  acid.  Bandage  the  bum  with  clean 
Beptic  gauze  and  saturate  it  with  solution.  Blisters  should  be 
pened  and  contents  expressed.  Open  them  with  a  needle,  the  busi- 
€8S  end  of  which  is  sterilized  by  holding  in  the  flame  of  a  match, 
■he  soot  will  do  no  harm.  For  still  deeper  bums  or  bums  of  large 
rea  (third  degree)  much  can  be  done  by  the  above  to  alleviate 
offering  until  a  physician  can  be  had,  but  send  for  him  at  once, 
■he  attending  shock  is  serious. 

Por  Small  Cuts  and  Abrasions. — If  the  Handy  Man  cuts  his 
nger  or  knocks  the  skin  off  his  knuckle  he  should  proceed  as  fol- 
>ws:  1.  Cleanse  the  wound.  Hydrogen  peroxide  is  becoming  a 
avorite  antiseptic  and  with  good  reason.  Besides  being  a  germ 
iller  it  acts  and  cleanses  mechanically.  Its  effervescence  dislodges 
nd  carries  away  dirt  and  any  foreign  matter  that  might  infect 
ie  wound.  Try  it  on  a  splinter  of  decayed  wood  at  which  you 
ave  picked  and  fussed  in  an  endeavor  to  extract.  The  hydrogen 
«roxide  ** boils"  it  right  out.  Therefore  cleanse  the  cut  by  pour- 
3g  on  from  a  bottle  a  little  of  it,  full  strength.  (A  medicine 
popper  is  convenient.)  2.  Dust  on  a  little  aristol.  Aristol  is  an 
idine  compound,  having  the  useful  antiseptic  properties  of  iodo- 
3rm,  but  lacks  the  disagreeable  odor  and  irritating  properties  of 
le  latter.  With  the  exudate  from  the  wound  it  forms  a  good  arti- 
dal  antiseptic  scab.  It  may  be  purchased  in  small  sifting  top 
ottles.    3.  Apply  a  protective  dressing. 

A  bit  of  absorbent  cotton  pasted  down  over  the  wound  with 
>llodion  forms  a  stiff  protecting  shield,  which  stays  in  place.  It 
lay  be  washed  over  with  soap  and  water  and  will  not  require  re- 
Bwal  for  two  or  three  days.  For  a  contused  finger  nail,  or  cut  near 
16  end  of  a  finger  so  liable  to  painful  knocks  it  forms  a  stiff,  com- 
Krtable  thimble  that  is  soft  inside,  looks  better  than  a  rag  and 
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does  not  interfere  with  work.  For  smaller,  more  superficial  w(nB 
than  the  above  a  useful  dressing,  better  than  the  questionable  eM 
plaster,  or  even  adhesive  tape,  is  collodion,  to  which  has  been  adH 
aristol  or  iodoform  (50  grams  to  the  ounce).  A  small  glass rod,tkl 
ends  of  which  have  been  made  smoother  by  melting  with  a  blowpJ|| 
in  an  alcohol  flame,  makes  a  convenient  applicator  for  the  coUoM 
Pass  it  through  the  cork  and  leave  it  in  the  bottle  permanently  j 

Por  Wounds  and  Painful  Injuries. — In  case  of  a  deep  woaaj 
the  collodion  dressing  is  not  applicable  and  the  soothing  propeitii^ 
of  a  moist  dressing  are  desired.  Pour  a  measured  quart  of  ^ 
into  the  basin  to  be  used.  Gauge  the  quantity  with  your  eye.  Thwn 
out  the  water  and  sterilize  the  basin  (as  above)  by  pouring  a  litfl 
alcohol  into  the  basin  and  rolling  it  about  to  wet  all  the  inside.  Si 
it  on  fire  with  a  match  and  the  basin  is  thoroughly  sterilized.  Po 
a  quart  of  water  that  has  been  boiled  directly  from  the  teakctf 
into  the  basin.  One  tablet  of  bichloride  of  mercury  (as  usually  pn 
pared)  makes  a  1  to  2000  solution  when  added  to  the  quart  of  wita 
Sterilize  another  smaller  basin  by  the  method  described  above  ai 
pour  a  part  of  the  solution  into  it  for  later  use.  Cleanse  the  woua 
as  thoroughly  as  conditions  permit. 

Hydrogen  peroxide  of  full  strength  or  diluted  with  water  i 
usually  sufficient.  If  the  wound  is  very  dirty  and  much  lacerate! 
as  machinists'  wounds  are  apt  to  be,  the  following  method  of  cleii 
ing  is  perhaps  better : 

Add  to  1  quart  warm  water  in  which  the  wound  is  to  be  waia 
2  teaspoonsful  lysol.  (This  makes  about  1  per  cent,  solution. 
Lysol  has  an  odor  similar  to  carbolic  acid,  but  is  not  so  poisonon 
It  forms  a  soapy  solution,  hence  its  value  as  a  cleansing  agent  1 
numbs  the  parts  and  makes  them  less  sensitive  to  pain.  The  ptf 
should  now  be  thoroughly  irrigated  with  the  bichloride  solution  i 
the  larger  basin,  being  sure  that  all  the  lysol  solution  is  remoT« 
from  the  wound. 

Surgically  clean  gauze  (sterilized,  aseptic)  is  now  bandagci 
over  the  wound  and  moistened  with  the  clean  bichloride  solutifli 
saved  in  the  smaller  basin  for  this  purpose.  Bandage  lightly.  I 
the  gauze  dries  and  the  wound  becomes  painful  inside  of  4  hoofl 
remove  the  outer  plain  bandage  and  moisten  the  gauze  with  tti 
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cxtion  again.  Use  weaker  bichloride  of  mercury  solution  for  the 
rt  and  succeeding  dressing  (1  to  4000).  If  too  strong,  the  heal- 
l  granulations  may  be  retarded. 

Home  Made  Aseptic  Oauze. — Plain  aseptic  gauze  (absorbent) 
ly  be  prepared  at  home  by  the  following  methods :  For  each  five 
ords  of  ordinary  cheese  cloth  use  one-quarter  pound  common  wash- 
ig  soda  to  sufficient  water  to  cover  the  gauze.  Boil  for  one-half 
3ur  and  rinse  in  several  changes  of  water  to  remove  the  soda. 
^  process  removes  the  fat  or  oil  from  the  fabric  and  makes  it 
bflorbent.  After  it  has  been  dried  it  is  cut  into  suitable  sizes — 
:rips  one  yard  long  and  four  inches  wide  are  convenient.  The 
iuze  is  sterilized  and  packed  ready  for  use  in  the  following  man- 
CT:  Screw  top  jars  with  caps  are  placed  in  a  large  bread  pan, 
nd  the  gauze  is  arranged  loosely  in  the  other  end  of  the  pan. 
lace  in  the  oven  and  bake  until  the  gauze  begins  to  scorch 
ightly.  Remove  the  pan  and  all  to  a  table  and  while  hot  pack 
ie  strips  into  the  jars.  Use  a  pair  of  forceps  or  long  tweezers 
id  a  short  wire  for  this  purpose.  The  tips  of  the  tweezers  and 
ire  should  be  made  sterile  by  passing  through  an  alcohol  flame 
veral  times,  or  they  may  be  sterilized  by  baking  with  the  jars 
id  gauze.  Seal  the  jars  and  you  have  a  good  supply  of  aseptic 
inze  ready  for  instant  use.  When  using  the  gauze  it  is  well  to 
move  the  strips  with  a  pair  of  tweezers,  the  tips  of  which  have 
en  sterilized  in  an  alcohol  flame.  This  avoids  possibility  of  con- 
minating  the  gauze  left  in  the  jars.  A  quick  convenient  alcohol 
jne  may  be  had  by  saturating  a  small  pledget  of  cotton  in  the 
)iith  of  a  bottle. 

Moist  bichloride  gauze,  which  is  expensive  to  buy,  yet  invalu- 
le  in  case  of  accident,  is  made  as  follows :  Prepare  and  pack  the 
nze  as  above.    Then  prepare  a  1  to  1000  solution  of  bichloride 

just  explained  (burning  out  the  pan  with  alcohol  and  using 
iled  water).  Pour  this  solution  over  the  gauze  in  the  jars  until 
is  thoroughly  saturated  and  allow  it  to  stand  for  24  hours.  Pour 
\  the  excess  and  seal  it  air-tight.  If  dry  bichloride  gauze  is  de- 
•ed  prepare  the  gauze  as  above,  dry  it  thorouglily  in  the  oven  and 
pack.  However,  the  moist  gauze  is  to  be  preferred.  In  using 
is  gauze  observe  the  precaution  stated  above,  i.e.,  use  weaker 
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antiseptics  after  24  hours  and  for  subsequent  dressing.  1 
picric  acid  gauze  for  bums  may  be  made  and  kept  in  a  jar  foi 
mediate  use  as  follows :  Prepare  and  pack  aseptic  gauze,  as  a 
Prepare  a  picric  acid  solution  in  the  manner  described  (1  to 
and  pour  it  over  the  gauze.  Let  it  stand  and  then  pour  oi 
excess  and  seal  it  air-tight 
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HINTS    AND    KINKS 

w  Blade  Reflector — ^Holding  Polished  Pipe — ^Easily  Made  Soft  Hammer 
raightenin'g  Shaft  on  Planer — Holding  Small  Work  Without  a  Vise^ 
•Iding  Small  Work  in  Vise — Putting  on  Tools — ^Illuminated  Magnet — 
moving  Keys — ^Truing  Crankshaft — Repair  of  Broken  Gear  Case — Sim- 
>  Priming  Device — Coal  Gas  for  Engine  Testing — ^Warming  Manifold 
•  Easy  Starting — Stopping  Fuel  Pipe  Leaks  on  the  Road — Use  of  Tap— 
me  Threading  Kinks — Removing  a  Stud — Removing  Stubborn  Nut — 
e  of  Nuts  and  Bolts — Placing  Nuts  in  Difficult  Places — ^Forming  Rod 
ds — Winding  Springs  in  a  Vise — Cutting  Sheet  Metal — ^How  to  Make  a 
iped  Joint — Forms  of  Keys — ^How  to  Make  Keys  and  Keyways — ^Wood- 
BF  Key  Sizes — Nut  Locking  Means — Shop  Uses  of  Arbor  Press  and 
leel  Puller — To  Make  Wood  Acid  Proof — Sharpening  Old  Files — Cheap 
ickening  of  Brass — Heat  Proof  Paint — Etching — Use  of  Tools — ^Drilling 
lies  in  Glass — Making  a  Magnet  of  a  File — ^Peculiar  Cause  of  Knock- 
r — Rust  on  Tools — Screw  Cutting  Gears — Restoring  Dull  Polished  Iron 
Steel — Speed  of  Grindstone — Cleaning  Brass  Castings — ^Pipe  Joint 
aiont — Drilling  Hints — Body  Polishes — Care  of  Tops — ^Leather  Uphol- 
ry — Cloth  Upholstery. 

kcksaw  Blade  Beflector  Useful.— When  sawing  metal  with  a 
iw  and  trying  to  saw  it  to  a  line  which  has  been  scribed  on 
irface  the  t^sk  is  found  very  difficult  unless  there  is  good 

A  workman  in  a  shop  where  the  writer  was  employed  made 
'ctor  for  his  saw  so  that  it  could  throw  a  good  light  on  the 

A  round  disk  of  brass  was  made  as  shown  at  Fig.  468,  B. 
sk  was  turned  so  as  to  have  a  collar  at  the  back ;  a  slot  was  cut 
^h  the  center  of  disk  so  that  it  could  be  slipped  over  the  saw. 
inch  set  screw  in  the  collar  served  to  hold  the  disk  in  place 
in  use.  Some  white  enamel  was  spread  over  the  face  of  disk 
vide  a  good  reflecting  surface.  A  better  reflecting  surface 
result  if  the  disk  were  nickel  plated. 
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Holding  FollBhed  Pipe  in  Vise.— A  very  good  way  to  h 
or  rods  having  a  polished  surface  is  to  sprinkle  dry  plaster 
on  heavy  paper  and  roll  in  this  paper  the  article  to  be  held 
plenty  of  powder  between  the  paper  and  the  polished 
Place  the  roll  between  blocks  of  wood  having  hollow  ff 
damp  firmly  in  an  ordinary  bench  vise.  When  removing  tb 
if  the  plaster  adheres  to  the  pipe  in  bard  cakes,  do  not  sci 
wash  the  surface  in  clean  water,  which  will  loosen  the  pk 


Fig.  468. — Straightenins  Sliaft  on  Planer  at  A. 

G— Holding  Small  Work  Witboat  a  VlM.    S — HoldlDc  PctUalit 
E— Holding  Small  Work  for  Filing.    F— Making  Soft  HMal  B 
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^ve  the  pipe  in  perfect  condition.  Another  method  is  to  place 
^ft  pipe  between  pieces  of  lead  sprinkled  with  plaster,  and  use 
3)ipe  vise  for  a  clamp.  A  means  often  employed  by  mechanics 
Rio  handle  quantities  of  polished  pipe  is  to  face  the  hollowed  wood 
MKks  with  soft  felt,  which  is  sprinkled  with  crocus  or  plaster  of 
■oris  to  increase  the  friction.  The  method  is  shown  in  sketch  Fig. 
38,  D,  which  is  self-explanatory. 

An  Easily  Made  Soft  Hammer. — A  soft  hammer  often  comes 
k  handy  around  an  automobile  wherever  heavy  driving  is  to  be 
sue  on  metal  that  must  not  be  marred  or  scratched.  Nearly  every 
atomobilist  carries  a  hammer  of  some  sort  around  .and  is  there- 
ire  loath  to  believe  that  another  hammer,  even  a  soft-face  one,  is 
necessity.  Whenever  metal  parts  are  to  be  protected  he  protects 
le  driven  piece  with  wood,  leather,  or  other  soft  substance.    There 

nothing  handier,  however,  than  having  a  hammer  that  is  soft 
ad  various  types  have  been  made  for  different  kinds  of  machine 
lop  usage,  some  out  of  all-metal  from  pipe  and  pipe  fittings  and 
diers  similar  to  the  one  in  Fig.  468,  F.  To  make  this  one,  use  tfn 
rdinary  gas  pipe  that  wdll  easily  slip  over  the  head  of  the  hammer 
nd  cut  off  a  suitable  length  so  that  when  finished  and  assembled 
le  proportions  will  be  about  as  indicated.  Saw  out  any  number 
t  V's  from  the  pipe  so  that  when  the  teeth  are  bent  inward  a 
)ring  is  formed  that  will  snugly  catch  the  head  of  the  hammer. 
fter  the  V's  are  cut  out  of  the  pipe,  slip  the  pipe  over  the  head 
ad  arrange  for  pouring  the  lead  or  babbitt.  The  mold  is  easily 
jide  by  submerging  nearly  the  whole  hammer  in  sand  or  by  filling 
le  space  between  the  pipe  and  hammer  head  with  putty.  Part 
f  the  hammer  head  should  be  surrounded  with  the  poured  metal 
I  order  to  insure  a  good,  close  fit,  but  the  fit  must  not  be  too  close. 
;  is  well  before  pouring,  to  wrap  a  single  thickness  of  paper  around 
le  head,  holding  it  in  place  with  thread  or  string.  Lastly,  bend 
le  teeth  to  produce  the  spring-locking  effect  and  you  have  a  nice 
^rviceable  hammer.  As  soon  as  the  face  is  worn  it  is  a  simple 
latter  to  repair  it  by  melting  out  the  soft  metal,  and  remolding  it. 

Straightening  Shaft  on  Planer. — It  is  sometimes  possible  to 
raighten  a  long  shaft  or  tube,  such  as  a  -propeller  shaft  or  live 
de  on  a  planer  bed  if  no  straightening  machine  is  available.    The 
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method  is  clearly  shown  at  Fig.  468,  A.  The  shaft  is  placed  on 
planer  bed  resting  on  wood  blocks  supported  by  that  member, 
screw  jack  is  placed  between  the  planer  head  and  on  the  bent  ] 
tion  of  the  shaft  and  pressure  is  thus  easily  exerted  to  straigl 
the  defective  axle.  This  is  so  placed  that  the  high  point  is  dire 
under  the  jack  so  that  the  pressure  exerted  by  that  member 
tend  to  bring  the  shaft  or  tube  back  in  line. 

Holding  Small  Work  Without  a  Vise. — It  is  often  neces 
to  make  repairs  on  the  road  and  some  minor  part  must  be  seen 
held  for  filing  or  other  fitting  which  is  difficult  to  do  if  a  vi 
not  available.  A  simple  method  of  holding  a  key  or  pin  or  sin 
small  parts  is  shown  at  Fig.  468,  C.  A  large  monkey  wrench,  w! 
is  included  in  most  automobile  tool  kits,  is  used  as  a  vise  and  n 
it  is  difficult  to  secure  the  proper  degree  of  clamping  pressure 
the  movable  jaw  adjusting  screw  alone,  sufficient  pressure  to  : 
the  key  securely  may  be  easily  obtained  by  placing  a  bolt  bet'i 
the  wrench  jaws  and  the  piece  to  be  held  in  the  manner  indict 
Considerable  pressure  may  be  exerted  by  holding  the  bolt  1 
from  turning  with  one  wrench  and  screwing  the  nut  at  the  en 
the  bolt  out  against  the  fixed  wrench  jaw  with  another  wre 
If  it  is  desired  to  hold  a  round  piece  a  shallow  groove  may  be 
in  the  bolt  head  to  prevent  it  from  slipping  from  the  work. 

Holding  Small  Work  in  Vise. — ^When  filing  small  screws,  I 
or  pins  that  would  be  difficult  to  hold  in  a  vise  on  account  of 
ger  of  marring  the  surfaces  the  best  method  is  to  drill  holes 
wooden  block  to  receive  the  screw  and  cut  a  slot  from  the  en 
the  block  down  to  the  hole.  When  the  vise  jaws  are  tightened 
they  clamp  the  piece  firmly  and  it  may  be  filed  with  ease  as ; 
cated  at  Fig.  468,  E. 

Bemoving  Keys. — On  a  number  of  cars  of  early  vintage, 
as  the  double  cylinder  Maxwell  and  on  many  marine  engines, 
flywheel  is  held  on  the  crankshaft  by  means  of  jib  keys.  T^ 
it  is  desired  to  remove  the  flywheel  as  is  necessary  to  withdraw 
crankshaft  from  the  engine  base  when  rebushing  the  bearing, 
ficulty  is  sometimes  experienced  in  removing  the  key.  A  vei^ 
fective  method  of  accomplishing  this  is  shown  at  Pig.  469,  A. 
key  extractor  or  puller  is  forged  of  steel  as  indicated  having 
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he  ends  formed  on  curves  of  different  radii.  The  one 
■  more  gradual  curve  is  used  first  to  start  the  key  while 
ving  more  abrupt  curve  is  employed  for  withdrawing  it. 
key  puller  is  placed  between  the  head  of  the  key  and  the 
flywheel  a  cam  action  is  obtained  by  which  the  pressure 
imcr  blows  on  tlie  other  end  of  the  key  puller  is  increased 


-A^BemovinK  Jlti  Key.  B— MetUod  of  Tmlns  Crankstuft. 
pair  of  Qeax  OBse  wlUi  Ba1)bltt  UetaL  D — Ubb  of  "Putting* 
TooL    E — mtuninatfld  Uagnet. 
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many  times  and  the  key  easily  started.  If  the  key  is  rusted  in  pMJ 
or  if  it  has  not  been  removed  for  a  long  time  it  may  be  found  M 
able  to  heat  the  end  of  the  shaft  with  a  blow  torch  or  to  soak  I 
rusted  parts  with  kerosene. 

Truing  Crankshaft. — The  method  of  holding  a  crankshaft  ifc 
it  is  desired  to  true  the  crank  pin  journal  shown  at  Fig.  469.  B, 
a  very  practical  one  and  is  followed  by  a  number  of  mechai 
when  overhauling  an  engine.  The  journals  are  often  not  rongl 
up  enough  to  warrant  dressing  them  down  in  a  lathe,  so  the  cm 
shaft  may  be  securely  clamped  in  a  vise  between  wooden  bl« 
and  the  journals  dressed  down  with  strips  of  emery  cloth  or  wi 
a  leather  belt  or  strap  covered  with  oil  and  abrasive  material 

Bepair  of  Broken  Qear  Case. — An  emergency  repair  of  I 
gear  case  that  has  been  injured  by  a  nut  falling  between  one 
the  gears  and  the  bottom  of  the  case  is  shown  at  Fig.  469,  C.  1 
repairman  who  made  this  repair  did  not  have  an  autogenous  we 
ing  outfit  so  the  hole  was  filled  up  with  babbitt  metal  as  shown. 

A  Putting-on  Tool. — How  often  at  some  time  or  other,  hi 
mechanics  wished  for  something  in  the  way  of  a  putting-on  to 
As  it  is  always  easy  if  a  piece  is  too  large,  to  remove  metal 
order  to  bring  it  to  proper  size  this  proposition  does  not  worry  ei 
the  poorest  mechanics.  But  what  is  to  be  done  if  the  piece  is ' 
small?  A  common  method  and  a  brutal  one  is  to  take  a  cen 
punch  and  upset  the  surface  of  the  metal,  in  order  that  it  shall 
a  tighter  fit  in  the  hole.  A  bushing  or  a  rod,  if  not  too  small, 
often  treated  in  this  manner,  and  may  be  forced  into  the  hole, 
more  effective  method  of  ''putting  on"  is  by  means  of  a  conui 
coarse  knurl,  knurling  the  bushing  the  entire  circumference 
several  places.  Tliis  will  have  the  effect  of  expanding  the  onti 
diameter  almost  ^/32  of  an  inch,  if  desired,  and  is  much  neateri 
infinitely  superior  to  the  use  of  prick  punch  marks,  which  is 
unsightly  and  unreliable  method  of  increasing  the  effective  din 
ter.  The  great  advantage  of  knurling  is  that  the  metal  is  eqvi 
and  uniformly  expanded,  does  not  look  bad  if  for  any  reason  ( 
bushing  or  rod  is  withdrawn  and  what  is  more  important  for  U 
thing  that  must  be  a  tiglit  fit,  it  will  never  work  loose.  j 

Illiuninated  Magnet. — An  electric  searchlight  and  electro-J 

I 
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■ft  has  been  brought  out  by  an  English  concern  and  should  prove 
.useful  tool  in  repair  shop.  It  consists  of  a  handle,  on  one  end  of 
oiich  is  the  magnet,  while  above  the  latter  is  an  electric  bulb  which 
Bids  light  through  two  windows,  as  presented  at  Pig.  469,  E.  A 
Bxible  cord  passes  through  the  instrument  and  is  attached  to  a  stor- 
ge  battery  or  dry  cells.  The  magnet  is  utilized  to  pick  up  nuts, 
pits  or  pieces  of  metal  that  may  drop  into  the  crankcase  or  other 
laces  not  easily  reached  by  hand,  and  is  said  to  be  sufficiently 
pwerful  to  attract  a  good  sized  wrench.  The  light  facilitates  find- 
jig  the  parts,  may  be  used  to  ascertain  the  amount  of  gasoline  in 
|e  fuel  tank  or  lubricant  in  the  crankcase  and  to  inspect  other 
iaces.  In  addition  to  being  handy  in  the  garage  it  could  be  in- 
lided  in  the  tool  equipment  of  a  car  and  used  in  connection  with 
le  roadside  repairs. 

Simple  Priming  Device. — Several  simple  priming  devices  may 
I  constructed  by  anyone  of  average  mechanical  ability  to  facili- 
tte  motor  starting  in  cold  weather.  One  such  equipment  is  shown 
;  Pig.  470,  B,  and  comprises  a  dash  priming  cup,  tubing  con- 
fcting  it  with  the  intake  manifold,  and  a  spraying  device,  which 
shown  separate  in  the  drawing.  It  will  be  noted  that  the  last 
Dned  member  is  perforated.  To  utilize  the  primer  a  little  gaso- 
le  is  poured  into  the  cup  on  the  dash  and  the  lever  turned  slightly 
admit  the  fluid,  also  a  little  air.  The  fuel  flows  through  the  tube 
the  perforated  member,  and  upon  cranking  the  engine,  the  air 
awn  in  through  the  carburetor  and  petcock  breaks  up  the  fuel, 
Df^erting  it  into  a  rich  mixture.  It  is  stated  that  the  motor  will 
irt  on  the  second  or  third  crank  even  in  the  coldest  weather.  The 
iterial  required  to  install  the  primer  consists  of  a  petcock,  which 
secured  to  a  plate  on  the  dash ;  a  connector  having  a  tubing  and 
pipe  thread  end,  j4-ii^ch  annealed  copper  tubing,  and  a  union. 
f  the  last  named  is  soldered  a  piece  of  brass  tubing  which  is 
Qled  full  of  No.  62  drill  holes.  Its  length  should  be  approxi- 
itely  that  of  the  diameter  of  the  intake  pipe  into  which  is  in- 
rted  by  drilling  and  tapping  a  hole.  The  manner  of  installing 
a  parts  is  clearly  depicted  in  the  drawing.  It  is  stated  that  the 
idpment  described  can  be  made  at  a  slight  cost.  A  simpler  in- 
itiation is  shown  at  A,  this  consisting  merely  of  a  petcock 
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threaded  into  the  intake  maniiold.     It  has  the  disadvanta^ti4| 
it  must  be  reached  to  be  filled  by  raising  the  hood.    The  own^ri.'i 
model  T  Ford  states  that  he  has  obtained  increased  mileagi' ' 
use  of  the  primer,  as  the  pefcock  on  the  dash  may  be  opi'i 
admit  auxiliary  air.    In  average  running  in  warm  weather  b 
secured  26.5  miles  to  the  gallon,  and  32  miles  in  long  trips. 


Fig.  470. — A — Simple  Priiiiing  Device.  B — Slmpl«  Primlnf  ud  i> 
llfuy  Air  Device.  0— Coal  Qaa  and  All  lUxw.  D— MrtM  < 
WarmlnK  Culinietor.    E— Emergency  or  Fnel  Pipe, 


Coal  Gas  for  Testing  Engines. — The  WillTs-Overtand  C 
Toledo,  Ohio,  uses  city  gas  for  testing  and  "running  in"  engn 
in  its  testing  department.  The  company  has  constructed  a  qM 
mixer  which  fits  the  inlet  manifold  and  takes  the  place  of  tbe  M 
buretor.  This  is  shown  at  Fig.  470,  C.  The  bousing  is  a  castin 
cylinder  having  a  threaded  boss  on  one  side  for  attaching  to  i 
gas  supply  at  A.  Level  with  the  gas  inlet  are  two  air  ports,  B.i 
Threaded  into  the  bottom  of  the  housing  ia  a  plug,  the  objeetj 
which  is  to  rotate  a  sleeve  immediately  above  it  arouiid  in  i 
direction  or  the  other  as  may  be  required  for  the  adjoatmeDt;  4 
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ve  is  connected  to  the  threaded  plug  by  two  sliding  keys  (not 
^n  in  drawing) . 

Running  through  the  plug  is  a  rod  threaded  at  the  upper  end 
ch  permits  of  the  sleeve  being  raised  and  lowered  as  may  be 
lired,  but  which  will  not  rotate  it  on  account  of  the  sliding 
}  that  move  up  and  down  in  corresponding  slots  in  the  plug; 
plug  is  locked  in  position  by  the  screw,  C.  When  setting  the 
er  in  testing  an  engine,  the  sleeve  is  first  rotated  by  the  plug 
btain  the  correct  proportion  of  gas  and  air,  usually  to  a  posi- 

as  shown  in  section  AA.  Note  that  the  gas  supply  is  con- 
rably  smaller  than  the  amount  of  air  allowed.  When  this  ad- 
ment  is  made,  the  plug  is  locked  by  screw  C.  Then  the  speed 
he  motor  can  be  regulated  by  raising  or  lowering  the  sleeve  with 
threaded  rod  running  through  the  plug.  This  makes  a  very 
pie  and  inexpensive  device  which  is  entirely  satisfactory.  Be- 
ss saving  fuel,  it  does  away  with  the  danger  from  split  gasoline 
he  test  shed. 

Stopping  Fuel  Pipe  Leaks. — One  of  the  simplest  emergency 
hods  is  to  utilize  a  section  of  rubber  tubing  which  is  slipped 
r  the  metal  pipe,  but  if  the  break  be  in  the  center  of  the  line 
vibration  would  tend  to  chafe  the  rubber.  The  latter  should 
braced  by  splints  and  the  manner  of  attachment  is  sliown  at 
.  470,  E.  Where  this  is  not  obtainable  a  repair  may  be  made 
1  ordinary  friction  tape.  Strips  of  wood  are  laid  lengthwise 
a  first  winding  of  tape  and  in  the  same  direction  as  the  line 

the  outer  tape  wound  as  depicted  at  E  1,  being  tied  with  twine. 

wrapping  should  be  snug  where  the  break  occurs  to  prevent 
:age  of  the  fuel.  A  small  crack  may  be  treated  in  a  similar 
iner  or  by  using  soap  and  tape  as  the  former  is  not  aflfected  by 
iline;  in  fact,  a  piece  of  this  material  is  invaluable  in  the  tool 

Shellac  may  also  be  used  in  conjunction  with  tire  tape.  A 
«  of  rubber  hose  from  the  acetylene  gas  line  may  be  used  to  join 
broken  pieces  of  tube  temporarily. 

g^arming  Manifold  for  Easy  Starting.— One  finds  numerous 
ructions  for  easy  starting  of  a  gasoline  engine  under  conditions 
ow  temperature  when  the  gasoline  does  not  evaporate  readily. 
le  ill  advised  writers  have  recommended  the  use  of  hot  cloths 
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heated  by  being  saturated  with  boiling  water,  others  have  bea 
vised  to  heat  the  manifold  with  an  ordinary  blow  torch.  Th 
cessity  of  keeping  the  naked  flame  away  from  gasoline  is  app( 
to  any  one  familiar  with  this  liquid  and  it  is  also  evident 
water  dripping  from  a  saturated  cloth  in  through  an  auiiliar 
valve  so  it  would  get  into  the  carburetor  mixing  chamber  i 
cause  considerable  trouble  on  account  of  being  matter  out  of  j 
An  excellent  method  of  heating  a  carburetor  or  manifold  vr 
any  danger  is  to  use  a  tube  of  cloth  or  long  bag  which  is  filled 
sand  and  placed  in  an  oven  after  which  it  may  be  wrapped  ai 
either  the  carburetor  or  manifold  as  shown  at  Fig.  470,  D,  wi 
any  danger  of  fire  as  is  present  when  a  torch  is  used  or  g> 
water  into  the  carburetor  as  is  possible  when  wet  cloths  ai 
ployed  as  a  heating  medium. 

The  Use  of  the  Tap. — The  true  mechanic  can  always  be  1 
by  the  way  he  uses  his  tools,  and  care  must  always  be  take 
the  right  way  is  employed,  because  improper  use  has  shorten 
life  of  many  good  tools.  Taps  and  dies  are  commonly  abuse 
often  broken.  You  will  never  see  a  thorough  mechanic  u 
monkey  wrench  on  a  tap.  He  will  tell  you  that  there  is  a  on 
force  against  the  tap,  especially  if  the  metal  being  threade 
all  hard,  that  will  invariably  break  the  tap.  It  is  obvious  tl 
vn:^nch  supplied  and  called  the  tap  wrench  is  all  that  she 
used  for  this  purpose,  as  both  its  arms  are  of  equal  lengtl 
there  are  no  bending  strains  against  the  tap.  Then  there  is  t 
fortunately  most  of  these  are  used  with  the  proper  holder, 
as  a  die  stock,  and  they  are  not  as  easy  to  break  as  the  more 
tap.  The  end  of  the  blank  rod  which  it  is  desired  to  thread 
be  carefully  filed  or  turned  to  a  slight  taper,  so  that  the  c 
fit  it  with  ease,  and  have  a  chance  to  start.  Then  care  must 
served  to  prevent  w^abbling  of  the  die,  which  might  break  s 
the  cutting  teeth,  or  would  cut  a  very  inaccurate  thread.  "V 
is  desired  to  cut  threads  to  a  shoulder  the  die  may  be  ui 
regular  way  as  far  as  possible  and  then  reversed,  which  v 
threads  right  to  the  shoulder.  Never  try  to  start  a  die  w 
reverse  side,  becavis^i  \\,  'vVlA.  \i^  V^^^^^^^"^  vaajjoaaible  to  d 
good  thread. 
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471.~A,  B,  O,  V — niuBtr&Ung  TTb«  of  Tap.     E — How  to 
tndB.     F,  O — Placing  Nnta  &nd  Bolts  In  Difflcnlt  PlacM. 
I  BeraoTo  Stubborn  Nat.    I — Easily  Uoda  Tbnml)  Not. 


lie  care  to  be  used  with  a  tap  or  die  varies  according  to  the 
■ials  to  be  threaded.  If  cast  iron  or  brass  be  tapped,  a  mini- 
of  the  lightest  cutting  oil  should .  be  employed,  whereas 
%bi  iron  or  steel  will  require  the  constant  use  of  a  cutting 
Never  use  machinery  or  cylinder  oil  with  a  tap  or  die ;  lard  oil 
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should  always  be  at  liand  for  this  use.  In  iron  or  steel  the  m 
should  be  worked  in  gently,  and  with  quarter  turns  backward  4| 
forward  as  soon  as  it  begins  to  take  hold.  If  the  hole  is  deep, 
must  be  used  and  the  tap  removed  occasionally  to  clear  it  of  eUfi 
Tap  sets  are  usually  composed  of  three  of  each  size,  two  of 
have  an  appreciable  taper  at  the  end,  the  other  is  the  same  wti 
the  way,  and  is  slightly  chamfered  at  the  end.  That  with!k 
greatest  taper  or  **  leading  "  tap  is  used  first,  followed  by  the  art 
one,  which  is  known  as  the  No.  2  or  ** following"  and  last  of  d 
the  No.  3  or  ** bottoming"  tap.  The  bottoming  tap  should  new 
be  used  except  after  both  of  the  others  have  been  used  as  far  i 
possible.  A  bottoming  tap  is  very  useful  to  clean  out  or  enlarge i 
tliread  that  is  already  tapped  but  which  may  be  a  trifle  small 

Some  Thread  Cutting  Kinks. — The  repairman  often  has  oeo- 
sion  to  cut  left  hand  threads  in  nuts  or  on  bolts  and  it  sometiwi 
happens  that  a  left  hand  tap  or  die  is  not  available  at  the  momeflt 
A  right  hand  tap  can  be  used  to  thread  a  rod  to  make  a  bolt  or 
for  tapping  a  nut  with  a  left  hand  thread  by  obser\ing  a  few  s» 
pie  precautions.  The  illustration  at  Fig.  471,  A,  shows  howti 
thread  a  rod  with  a  right  hand  tap  so  it  will  act  in  the  same  ^iQ 
as  a  left  hand  die.  Two  holes  are  drilled  in  a  piece  of  hard  wd 
in  such  a  manner  that  they  cut  into  each  other,  the  size  of  the  hoi 
being  equal  to  the  diameter  of  the  piece  to  be  threaded.  The  tapi 
screwed  into  one  and  held  rigid,  the  other  ser\'e8  as  a  guide  6 
the  bolt  or  rod  upon  which  the  threads  are  to  be  cut,  causing: 
to  bear  against  the  outside  cutting  edge  of  the  tap.  By  tumin 
the  rod  in  a  left  liand  direction  a  left  hand  thread  will  be  cut,  bd 
the  pitch  and  cutting  edge  of  tlie  tap  being  true  enough  for  th 
purpose.     ParaUelism  of  threads  will  depend  on  the  operator. 

WHien  the  tap  is  to  be  employed  in  tapping  out  a  nut,  the  alter 
tion  shown  at  Fig.  471,  B  and  C,  is  necessary.  A  four-fluted  ri^ 
hand  tap  is  changed  into  one  having  but  two  cutting  edges  1 
grinding  oft'  two  of  the  flutes.  On  considering  the  remaining  ti 
cutting  faces,  it  will  be  seen  that  tlie  point  of  the  thread  on  oi 
side  is  on  a  lijie  with  the  bottom  of  the  thread  on  the  other.  Th 
form  of  tap  \^'\\\  cwV  ^WXvc^t  t\^\.  ot  Wv.V'wA\5Kt«wi».  ds^ndii 
upon   tht»   direeWcm  o^  toWiWoyv.    ^^^^A  wjA\sttfi&,  vt.  ^^>a.' 
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have  been  tapped  successfully  by  this  method.  After  a  i 
tapped,  should  it  prove  too  small  for  the  bolt  it  is  intended 
it  may  be  easily  made  larger.  A  small  piece  of  tin  is  pla< 
the  end  of  one  of  the  flutes  of  the  tap,  as  shown  at  Fig.  471, 
tap  is  *'run  through"  again  and  it  will  be  found  that  the  pi 
tin  crowds  the  tap  to  one  side  and  cuts  a  considerably  lai^ 
-^^e  than  before.  If  the  nut  should  not  prove  large  enough,  ; 
-»^<her  piece  of  sheet  metal  may  be  placed  over  the  first  one,  wh 
assumed  the  contour  of  the  threads. 

Semoving  a  Stud. — Nothing  marks  the  slovenly  mechanic  m 
the  methods  he  employs  in  performing  his  work,  as  well 
use  of  the  improper  tools  for  different  operations.     He  d 
•SsheerfuUy  use  a  screw  driver  as  a  cold  chisel  or  a  monkey  wrei 
a  hammer,  with  but  little  care  of  the  consequences,  both  to 
and  the  work.    It  is  this  class  of  ** mechanic"  who  will  us< 
^Stillson  or  pipe  wrench  upon  a  stud  in  essaying  to  remove  it  fr 
"•Jkie  work,  marring  the  appearance,  as  well  as  often  destroying 
'^Befulness  by  injury  to  the  threads.    Two  methods  are  shown 
ig.  471,  E,  of  removing  a  stud  without  damage  to  any  part, 
.mplest  being  by  the  use  of  two  nuts,  the  more  mechanical 
^Xkieans  of  a  simple  device  or  tool.    Where  two  nuts  are  employed  < 
^iis  used  as  a  check  or  lock  nut  for  the  other.    The  two  nuts  \ 
"tightly  locked  to  each  other  and  the  pressure  to  remove  the  si 
i»  applied  to  the  lower  one.    It  may  be  necessary  to  hold  the  1 
^lut  by  means  of  another  spanner  gr  end  wrench  to  prevent  it  tu 
Xng  upon  the  stud  instead  of  with  it. 
^  A  very  e£Scient  and  simple  device  for  removing  studs  may 

i  Xnade  by  any  ordinary  man  familiar  with  the  use  of  tools.    T 
consists  of  a  body  C  which  may  be  made  of  a  piece  of  hexago: 
^r  square  stock ;  either  bronze  or  steel  is  preferred  to  cast  iron, 
cause  the  threads  are  much  stronger  in  such  metals.     A  hole 
drilled  through  of  suitable  size  and  a  tap  is  run  down  through 
hole  and  a  suitable  thread  cut  to  fit  the  stud  to  be  removed, 
cap  or  set  screw  (A)  completes  the  device.    To  use,  the  body 
screwed  upon  the  stud  for  a  certain  distance  and  the  set  scre\v 
^    then  screwed  tightly  against  the  end  of  the  stud.    If  the  body 
I  made  of  round  stock,  flats  should  be  filed  on  Wv^  «vft«&  \\i  ^^rt^^ 
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hold  a  wrench.  If  square  stock  is  available,  it  will  be  prefe 
This  device  is  very  handy  and  should  be  made  in  several  size 
the  various  standard  stud  sizes  which  are  mostly  u^ed  in  me< 
cal  work.  A  set  should  form  part  of  every  mechanic  *s  person 
because  they  are  inexpensive,  and  when  required  are  worth 
weight  in  gold. 

Bemoving  Stubborn  Nnt. — While  a  stubborn  stud  or  sh 
bolt  is  difficult  to  remove,  one  can  usually  unscrew  a  nut  wi 
much  trouble,  even  if  it  has  become  more  or  less  rusted  in 
A  good  method  to  take  off  a  nut  that  seems  to  resist  being  p 
from  its  stud  or  bolt  more  than  usual  is  to  heat  an  open  sp 
that  fits  the  nut  and  let  it  rest  against  the  nut  for  a  few  mi 
The  heat  will  sometimes  expand  the  nut  without  producing 
sponding  expansion  of  the  bolt  and  it  may  be  unscrewed, 
spanner  or  end  wrench  may  be  heated  in  a  blow  lamp  flam( 
while  this  kink  is  very  old  it  is  not  generally  known.  One  s 
not  heat  a  hardened  wrench  or  an  adjustable  member  as  it  n 
rendered  unfit  for  use.  The  blow  lamp  flame  should  not  be  a 
to  the  nut  direct  because  the  bolt  will  be  heated  and  will  e 
as  well  as  the  nut.  Kerosene  may  be  poured  around  the  tl 
with  good  results,  especially  if  the  nut  has  rusted  in  place.  S 
alternate  heatings  and  applications  of  kerosene  oil  may  be  i 
before  the  nut  is  loosened  and  if  it  still  resists,  a  light  tappin 
a  hammer  on  all  the  facets  while  it  is  hot  may  assist  in  hai 
become  looser  on  the  threads. 

Use  of  Nuts  and  Bolts. — Most  of  the  parts  of  the  motor  ( 
held  together  by  what  is  known  as  a  bolt  and  nut,  especi; 
the  component  is  one  which  must  be  removed  from  time  t 
for  inspection,  adjustment  or  repair.  There  is  no  part  of  t 
which  is  subject  to  more  abuse  than  the  bolts  and  nuts,  anc 
parts  are  often  damaged  by  carelessness  or  ignorance  so  thi 
ones  must  be  used.  This  is  not  a  serious  matter  if  the  1 
a  standard  form,  but  if  a  special  size  fitted  with  an  odd  t 
it  must  be  evident  that  a  new  one  can  only  be  obtained  frc 
factory  or  made  at  the  local  machinist's  at  some  expense.  I 
culty  is  found  in  causing  a  bolt  used  to  hold  t(^ether  two  p 
fit  the  holes  with  ease,  the  chances  are  that  the  two  pieces  a 
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ed  angularly,  and  one  should  not  attempt  to  put  in  the  bolt  by 

e  force.    A  good  plan  is  to  use  a  taper  punch,  smaller  than  the 

at  the  point  and  larger  at  the  other  end,  this  is  first  driven 

the  hole,  and  tends  to  bring  the  parts  into  proper  alignment  so 

the  bolt  may  be  easily  inserted. 

Many  bolts  and  studs  and  their  nuts  are  damaged  by  care- 
less in  starting  the  nuts  cross  threaded,  and  then  using  a  wrench 
oreibly  turn  them  on.  Nuts  should  be  carefully  started  with 
fingers  and  one  should  ascertain  that  the  threads  engage  prop- 
before  pressure  is  applied.  Bolts  are  very  often  spoiled  in 
ing  them  out  from  the  parts  in  which  they  are  located.  If 
^  do  not  start  readily  one  is  often  tempted  to  use  a  hammer 
Q  them,  with  the  result  that  the  ends  of  the  threads  are  burred 
•  and  one  has  trouble  in  replacing  the  nut.  A  stick  of  hard 
d,  a  piece  of  fiber,  or  a  junk  of  soft  brass,  copper  or  lead  should 
nterposed  between  the  hammer  and  the  end  of  the  bolt  to  pre- 
b  damage  of  this  kind.  Most  mechanics  have  either  a  lead  or 
per  hammer  for  this  purpose,  and  the  writer  has  seen  motorists' 
which  had  this  useful  tool,  or  its  equivalent,  a  wooden  mallet, 
re  are  many  uses  for  such  a  tool,  as  driving  on  or  oflf  the  various 
parts,  either  of  brass,  aluminum,  or  cast  iron,  which  would  be 
ted  and  damaged  by  the  steel  hammers  generally  used. 
Btarting  Bolts  and  Nuts  in  Difficult  Places. — Recently  while 
king  on  an  automobile  it  was  found  difficult  to  get  a  bolt  started 
ts  place,  and  when  the  writer  had  about  decided  to  remove  other 
te  to  enter  the  bolt,  the  following  scheme  of  overcoming  the 
culty  was  tried.  A  piece  of  wire  was  procured  and  one  end 
tly  soldered  to  the  bolt  head.  This  served  as  a  handle  for 
;ing  the  bolt  and  was  easily  removed  by  giving  the  wire  a  few 
IS.  The  same  means  can  be  used  to  enter  bolts  and  pins  in 
les  not  easily  accessible,  the  time  of  preparation  being  small  as 
pared  with  the  practical  value  of  the  device.  (See  Fig.  471, 
A  simple  method  of  starting  a  nut  is  shown  at  Fig.  471,  P. 
holder  is  made  of  sheet  metal,  rolled  into  a  tube.  A  nut  is 
1  inserted  in  one  end  and  the  metal  hammered  to  the  shape  of 
nut.  Any  length  of  metal  can  be  used,  as  desired.  In  use,  the 
>ed  end  of  the  metal  is  slipped  over  a  nut  and  a  slight  pressor^ 
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suflRces  to  screw  it  down  over  bolt.  For  starting  nuts  on  then 
of  a  bolt  in  a  location  not  easily  reached  with  a  wrench  the  an 
tool  shown  at  Fig.  481,  H,  will  be  found  valuable.  This  is  iw 
of  steel  and  has  a  projecting  lip  against  which  a  drift  mtjrli] 
placed  as  at  II  3.  The  nut  may  be  started  by  hammer  blows  fit; 
out  damage.  Burred  threads  on  a  bolt  may  be  cleaned  up  by  xsm 
an  extemporizfxl  die  made  from  a  nut  of  the  proper  size  as  at  HI 
by  cutting  a  series  of  three  grooves  in  the  threads  with  a  ttm 
cornered  file  to  provide  cutting  clearance  and  then  case-hardeiu^ 
the  nut  interior. 

Forming  Bod  Ends. — Many  of  the  minor  control  rods  suck  ■  I 
is  used  for  advancing  the  timer,  manipulating  the  throttle  orvwl-l 
ing  the  muffler  cutout  are  simple  steel  rods  with  the  ends  bentomi 
to  be  pushed  through  the  eye  of  the  levers  they  connect.  A  simple  I 
method  of  making  these  rod  ends  is  shown  at  Fig.  472,  A.  Al 
block  of  steel  is  drilled  with  three  or  four  holes  to  conform  totkl 
sizes  of  rod  ends  most  generally  used.  It  is  well  to  have  the  hob ' 
about  one  sixty-fourth  inch  larger  than  the  rod  size.  The  toIh 
would  advise  making  holes,  one-eighth  inch,  three-sixteenths  inch, 
quarter-inch  and  five-sixteenths  inch  in  the  block.  When  makinf 
the  rod  end,  the  block  is  held  in  the  vise  and  the  rod,  which  is  either 
Norway  iron  or  mild  steel  is  thrust  into  the  block  to  the  desired 
depth  and  then  bent  over  with  a  hammer  as  indicated.  In  bend- 
ing the  rod  this  should  be  done  slowly  and  with  as  much  care  is 
possible  and  the  rod  should  preferably  be  heated  to  a  red  heat  be- 
fore bending. 

Winding  Springs  in  Vise. — Small  springs  are  often  needed  in 
repairing  automobile  parts  and  in  some  cases  a  spring  winder  or 
lathe  is  not  available  for  making  the  spring.  The  illustrations  it 
Fig.  472,  B,  are  reproduced  from  a  recent  issue  of  Machinery  and 
the  device  shown  is  a  very  practical  one  as  it  uses  parts  found  in 
every  garage.  A  rod  A  is  st»l(*ct<^d  that  \nll  give  the  correct  inside 
diameter  to  the  springs.  The  diameter  of  this  rod  must  be  detCT- 
mined  oxperimontally  as  there  must  be  some  compensation  for  the 
enlargement  of  the  spring  when  released.  This,  of  course,  means 
that  the*  rod  mwsl  \^v!  V^^  V\\  ^^\\\^\v^\<et  \\vwsv  >^^  \s^dft.  diameter  of 
tlie  finished  spring.    T:\\e  yw\  \?.>a^w\,  ^\.  ^^^^  ^^V^  Vsr«^>v.«id 
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Ig.  472. — ^A— Metbod  of  Forming  Bod  End.    B— Winding  Spring  in  a 
Visa.    0 — Cutting  Sheet  MetaL    D — ^How  to  Make  a  Wiped  Joint. 

hole  C  is  drilled  near  the  crank  end  which  should  be  large  enough 

allow  the  end  of  the  spring  wire  to  enter.    The  tool  is  clamped 

tween  the  vise  jaws  B  and  the  wood  blocks  D.    The  rod  A  should 

clamped  with  the  crank  as  close  to  the  blocks  as  possible  with 

B  wire  in  a  vertical  position.    As  the  crank  is  turned,  a  groove  is 

t  into  the  wooden  block  which  acts  as  guide  for  the  wire  D,  the 

imber  of  coils  or  pitch  of  the  spring  being  determined  by  the 

lount  of  inclination  of  the  wire.    The  greater  the  inclination  the 

der  the  spacing.    The  first  turn  of  the  crank  must  be  very  care- 

lly  made  as  it  determines  the  pitch. 

Cutting  Sheet  Metal. — When  a  strip  is  to  be  cut  from  sheet 


976  Automobile  Repairing  Made  Easy 

metal,  instead  of  laying  the  sheet  down  on  an  anvil  or  bench 
and  cutting  with  a  chisel  by  hammering  against  the  chisel  w) 
placed  vertically  in  respect  to  the  block  the  method  shown  a 
472,  C,  is  recommended.  This  gives  a  shearing  cut  which  will 
a  smoother  edge  and  not  be  liable  to  damage  the  edge  of  the 
as  is  done  when  that  tool  is  driven  through  the  sheet  metal  ar 
the  backing  block.  The  piece  of  sheet  metal  to  be  cut  is  el; 
between  the  jaws  of  the  vise,  just  enough  of  the  metal  bei 
lowed  to  project  above  the  vise  jaws  as  corresponds  to  the 
of  the  piece  to  be  cut.  By  cutting  with  a  shearing  action 
manner  indicated  it  will  be  possible  to  cut  off  the  strip  sm 
with  very  little  exertion  and  without  damaging  the  chisel  e 

How  to  Make  a  Wiped  Joint. — The  wiped  joint  is  a  for 
is  very  popular  with  plumbers  when  joining  lead  pipes,  but 
also  be  used  to  advantage  by  the  repairman  in  making  joi 
the  copper  tubing  used  for  acetylene  gas  oil  and  fuel  lines 
some  cases  the  larger  copper  pipe  employed  for  water  mar 
The  various  steps  are  shown  at  Fig.  472,  B,  the  proportions 
pipe  or  tube  being  greatly  exaggerated  in  order  to  make  the  ] 
clear.    The  first  step  is  to  expand  one  end  of  the  tube  by  c 
in  a  small  conical  expanding  tube,  taking  care  to  hold  th 
firmly  between  wood  blocks  in  the  vise  while  this  operatioi 
progress  and  to  expand  the  pipe  by  a  series  of  light  taps 
than  heavy  blows.    If  the  expanding  tool  is  held  too  hard  it 
to  spread  the  pipe*    The  end  of  the  tube  to  be  joined  wit 
one  which  has  been  previously  expanded  is  filed  down  tapei 
order  to  fit  the  expanded  section  of  the  other  piece.    The  pa 
well  coated  with  soldering  flux  and  molten  solder  is  poured 
joint  from  a  small  ladle,  this  being  wiped  by  a  pad  of  felt  w 
well  waxed  and  which  is  used  to  wipe  the  molten  metal 
symmetrically  shaped  mass  to  form  the  substantial  joint  as 
in  the  sectional  view  at  the  lower  right  hand  comer  of  th( 
tration.    If  care  is  taken  to  have  the  pieces  of  pipe  cleaned 
they  are  joined  and  to  have  reasonably  close  fits  between  th 
and  female  taper  a  very  satisfactory  joint  may  be  made 
little  practice. 

Forms  of  Keys. — Many  parts  of  automobiles  which  m 


Hints  and  Kinks  977 

Moved  from  the  pieces  to  which  they  are  fastened  and  by  which 
5y  are  actuated  are  held  by  a  method  of  fastening  called  **  key- 
s'."  Various  forms  of  keys  are  shown  at  Fig.  473,  that  at  A  be- 
^  a  form  made  from  ordinary  key  stock  which  may  have  either 
cmded  ends  or  square  ends  depending  upon  whether  the  key  is 
be  set  into  a  keyway  machined  into  the  center  of  the  shaft  or 

one  end.  If  the  keyway  comes  in  the  middle  of  the  shaft,  a 
and  end  key  such  as  shown  at  A  is  generally  used.  If  the  key- 
ly  is  at  the  end  of  the  shaft,  the  key  is  apt  to  be  a  form  having 
Glare  ends.  Key  stock  is  procured  in  various  standard  sizes  and 
Qsually  made  smooth  enough  when  manufactured  so  that  no  great 
lount  of  fitting  is  needed  to  insert  it  in  the  keyway.  The  key 
own  at  B  is  known  as  the  WoodruflF  key  and  is  a  very  popular 
rm  in  automobile  construction.  It  is  commonly  used  for  securing 
ch  parts  as  gears,  cams,  and  rocker  arms  to  shafts.  The  taper 
Ds  shown  at  C  is  a  favorite  method  of  retaining  brake  actuating 
id  control  levers  to  the  shaft  operating  them.  The  straight  pin 
own  at  D  may  be  used  in  two  ways,  it  may  be  driven  entirely 
irough  the  shaft  and  the  hub  of  the  lever  and  then  headed  over 
'  it  may  be  driven  into  a  drilled  hole  which  is  made  after  the 
lar  or  piece  it  is  to  hold  is  in  place  on  the  shaft,  the  hole  being 
rilled  in  such  a  way  that  half  of  it  is  in  the  gear  and  the  other 
ilf  in  the  shaft.  The  use  of  a  taper  pin  is  clearly  shown  at  P 
hile  that  of  the  round  pin  or  key  shown  at  D  is  outlined  at  G. 
he- half  round  keyway  for  the  Woodruff  key  is  shown  in  the  taper 
id  of  the  shaft  outlined  at  E  as  is  the  method  of  making  a  tem- 
ate  to  obtain  the  radius  of  the  Woodruff  keyway  when  it  is  de- 
red  to  fit  a  new  Woodruff  key  or  to  determine  the  size  of  the 
lyway  if  the  old  key  is  lost. 

The  method  of  making  the  taper  pin  lock  is  a  simple  one.  A 
raight  hole  is  drilled  through  the  boss  of  the  lever  and  the  shaft, 
e  drill  size  being  the  same  as  that  of  the  small  end  of  the  taper 
n.  Taper  reamers  may  be  obtained  to  conform  to  the  taper  of 
e  standard  taper  pin  and  these  are  employed  to  produce  the 
rrect  taper  in  the  straight  hole  in  order  that  the  corresponding 
per  pins  may  be  a  tight  drive  fit  in  both  shaft  and  lever  boss. 

How  to  Make  Keys  and  Keyways.— The  method  of  laying ' 
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a  keyway  when  the  rounded  end  key  shown  at  Fig.  473,  A,  iiti 
placed  in  a  shaft  is  shown  at  Fig.  474,  A.  The  outline  of  At) 
is  scribed  on  the  shaft,  care  being  taken  to  have  the  curved 
a  half  circle  whose  radius  is  equal  to  half  the  width  of  tbek 
For  example,  if  the  key  is  supposed  to  be  one-quarter  inch 
and  two  iuchea  long  the  first  operation  will  be  to  describe 
line  along  the  shaft  and  to  indicate  thereon  the  useful 
the  key  which  is  that  of  the  straight  portion  by  center  pnri 


:  men  ■ 
e  astrafl 
il  lengti^ 


Tig.  473. — Forms  of  BvUlning  Keys  mnd  Tbalr  Um. 

marks  on  the  line.  The  dividers  are  then  set  to  one-eighth  ii 
radius  and  circles  are  drawn  using  the  punch  marks  as  cent 
The  sides  of  the  circles  are  then  joined  by  lines  parallel  to 
center  line.  The  next  operation  is  to  drill  a  series  of  quarter  i] 
holes  into  the  shaft  as  shown  at  Fig.  474,  B.  These  are  cut  out 
means  of  chisels  such  as  shown  at  Fig.  474,  C.  The  operatioii 
started  with  a  narrow  chisel,  followed  through  with  the  medi 
width  chisels  and  finished  oft  with  the  wide  one  which  is  accarat 
ground  to  the  correct  width  of  the  keyway.  A  piece  of  qnar 
inch  keystock  is  t\ven  o\i\.&\iie;4  cxA  \n  "Ofta  ^T«^t  \«iugth  aod  i 
ends  rounded  offi  mfti  «■  t^«  ««  on.  «o.  OTsssri  ■w^«A,^»  <««&«< 
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e  shape  of  the  keyway.  The  method  outlined  is  of  course,  used 
ly  There  regular  keywsy  cutting  machinery  ia  not  available,  an 
mid  be  the  case  in  a  small  repair  shop  where  milling  machines 
shapers  are  not  included  in  the  machine  tool  equipment.  The 
ethod  of  making  a  keyway  in  the  end  of  the  shaft  is  similar  to 
at  for  making  one  in  the  middle  of  the  shaft  except  that  it  ia 


1  SliBfti  witbout  Hactiliw 


uch  easier  to  chisel  out  the  keyway  with  a  cape  chisel  and  finish 
with  a  file  as  shown  at  Fig.  474,  D. 

The  'Woodruff  key  may  he  obtained  in  a  wide  variety  of  sizes 
id  in  different  materials.  It  is  a  very  simple  form  to  make  if  a 
y  of  the  right  size  is  not  available.  A  very  satisfactory  Woodruff 
nn  key  may  be  made  from  a  bar  of  rpund  stock  of  the  desired 
aterial  and  radiud  as  indicated  at  Fig.  475,  in  views  A  to  F,  in- 
osive.    The  first  step  is  to  saw  into  the  end  of  the  rod  as  shown 
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at  A,  then  to  cut  into  the  side  of  the  rod  with  the  saw  as  shon 
B,  this  permits  the  piece  of  stock  to  break  away  as  shown  al 
Of  course,  the  key  is  cut  wider  than  the  keyway  it  ia  to  fit  as  i 
as  longer  than  the  regular  size  key.  The  operation  of  fihng 
sides  and  face  to  produce  the  finished  key  shown  at  F  is  clet 
outlined  at  D  and  E.    The  keyway  for  a  Woodruff  key  can  be  m 


Fig.  47S. — How  to  Mkko  a  Woodrnfl  Key,  Out  tlio  E*rwft7  and 
Metbod  of  Using. 

only  by  a  special  milling  cutter  made  for  the  purpose.  It  is 
necessary  to  have  a  milling  machine  to  use  this  millii^  cutte 
very  satisfactory  results  can  be  obtained  by  putting  it  in  a  1 
or  drill  press  chuck.  The  depth  to  which  the  cutter  is  fed 
the  shaft  is  clearly  shown  at  G.  The  key  is  then  placed  in  the 
way  as  outlined  at  H  and  the  hub  of  the  part  it  is  to  retain  is  fo 
over  the  key  and  shaft  as  shown  in  the  lower  right  hand  comt 
Fig.  475.    Care  must  be  taken  when  fitting  any  form  of  rctai 
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Q  or  key  to  have  this  a  tight  fit  in  its  keyway  as  if  keys  are  fitted 
jsely  so  that  some  degree  of  movement  is  permitted  between  them 
d  the  keyway  and  the  shaft  or  the  part  it  drives,  sufficient  lost 
3tion  may  develop  so  the  key  will  be  sheared  off.  This  applies 
pecially  to  keys  subjected  to  variable  or  sharp  loads  as  in  those 
iployed  for  holding  flywheels,  driving  wheel  hubs,  or  transmis- 
m  system  parts. 

Woodruff  Key  Sizes. — Each  year  sees  the  use  of  more  and 
3re  Woodruff  keys  for  fastening  gears  and  similar  parts  to  round 
afts,  for  which  reason  the  various  sizes  are  of  considerable  in- 
rest.  A  table  herewith  gives  the  various  sizes  which  are  referred 
in  the  sketch  above,  the  letters  in  the  table  corresponding  with 
ose  in  the  figure.    There  are  30  standard  and  many  special  sizes. 


To.  of  Key 

Diameter 

Thickness 

Depth  in  Gear 

LesathanM 
Diameter 

a 

b 

c 

d 

1 

.500 

.0625 

.0312 

.0468 

2 

.500 

.0937 

.0468 

.0468 

3 

.500 

.1250 

.0625 

.0937 

4 

.625 

.0937 

.0468 

.0625 

5 

.625 

.1250 

.0625 

.0625 

6 

.625 

.1562 

.0781 

.0625 

7 

.750 

.1259 

.0625 

.0625 

8 

.750 

.1562 

.0781 

.0625 

9 

.750 

.1875 

.0937 

.0625 

10 

.875 

.1562 

.0781 

.0625 

11 

.875 

.1875 

.0937 

.0625 

12 

.875 

.2187 

.1094 

.0625 

A 

.875 

.2500 

.1250 

.0625 

13 

1.000 

.1875 

.0937 

.0625 

14 

1.000 

.2187 

.1094 

.0625 

15 

1.000 

.2500 

.1250 

.0625 

B 

1.000 

.3125 

.1562 

.0625 

16 

1.125 

.1875 

.0937 

.0781 

17 

1.125 

.2187 

.1094 

.0781 

18 

1.125 

.2500 

.1250 

.0781 

C 

1.125 

.3125 

.1562 

.0781 

19 

.   1.250 

.1875 

.0937 

.0781 

20 

1.250 

.2187 

.1094 

.0781 

21 

1.250 

.2500 

.1250 

.0781 

D 

1.250 

.3125 

.1562 

.0781 

E 

1.250 

.3750 

.1875 

.0781 

22 

1.375 

.2500 

.1250 

.0937 

23 

1.375 

.3125 

.1562 

.0937 

F 

1.375 

.3750 

.1875 

.0937 

24 

1.500 

.2500 

.1250 

.1094 

25 

1.500 

.3125 

.1562 

.1094 

6 

1.500 

.3750 

.1875 

.1094 

Mttta 


1^ 


^Bri^aH«a« 


982 


Automobile  Repairing  Made  Easy 


These  sizes  vary  from  .5-inch  diameter  and  .0625-inch  thickiMf 
up  to  1.5-inch  diameter  and  .375-inch  thickness.  The  general  shi^ 
of  the  keys  is  that  of  a  coin  cut  into  halves,  although  to  be  exail 
the  half  is  not  complete,  as  the  sketch  shows.  The  key  is  set  don 
into  the  shaft  less  than  its  full  depth  by  almost  the  amount  of  m 
thickness,  so  that  the  portion  projecting  above  the  shaft  and  iirtii 
the  gear  or  other  part  is  nearly  square  in  section. 

One  great  advantage  of  this  form  over  a  square  ended  key  a 
the  ease  of  placement  or  removal,  a  slight  tapping  on  one  end,  ca» 


Fig.  476. — ^Diagram  Showing  Principal  Dimensions  of  Woodruff  Keyi  to 

Accompany  Table  of  Sizes. 

ing  the  semi-circular  form  to  rise  out  of  the  other  end  of  the  ke 
seat,  until  it  is  loose  enough  to  be  picked  out. 

Nut  Locking  Means. — There  is  no  mechanism  in  which  it  : 
more  important  to  keep  the  nuts,  bolts  and  other  fastenings  ti^ 
than  in  the  automobile,  because  these  are  operated  at  high  speed 
over  rough  roads  and  are  subjected  to  considerable  vibration,  i 
is  well  known  vibration  in  machinery  causes  the  various  parts  1 
loosen.  While  there  are  a  number  of  methods  of  locking  nuts  an 
bolts  to  keep  them  from  becoming  loose,  a  practical  method  for  m 
in  automobile  construction  must  be  such  that  the  nut  can  be  K 
moved  when  desired  without  destroying  the  nut  lock.  For  o 
ample,  it  is  possible  to  lock  a  nut  securely  by  having  the  bolt 
little  longer  than  is  needed  and  by  riveting  the  projecting  end  aftc 
the  nut  is  screwed  in  place.  While  this  insures  against  loss  of  fli 
nut  it  is  apparent  that  when  the  nut  is  to  be  removed,  it  is  fin 
necessary  to  chisel  or  file  off  the  riveted  portion  of  the  bolt. 
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&.  large  number  of  practical  locking  means  for  nuts  and  bolts 
shown  at  Pig.  477.  The  **Grip  nut"  whicn  is  shown  at  A  is  a 
plementary  nut  of  peculiar  form  which  is  put  on  over  the  reg- 
"  nut.  These  are  blanked  out  of  a  bar  of  steel  having  an  arch 
ning  through  the  center  and  the  nut  is  threaded  through  this 
1.  When  it  is  screwed  in  place  it  is  deflected  by  pressure  so  as 
produce  a  locking  friction  upon  the  thread.  When  screwed 
n  tightly  it  is  impossible  for  the  nut  to  vibrate  off  though  it 
r  be  easily  removed  with  a  wrench.  Another  device  of  similar 
n  which  is  known  as  the  *  *  Hugtite ' '  is  shown  at  H.  This  looks 
a  thin  nut  but  instead  of  having  threads  there  are  two  tongues 
mding  from  either  side  toward  the  center,  engaging  the  bolt 
jads.  These  tongues  are  formed  so  that  when  the  locking  mem- 
is  in  place  on  the  bolt  its  faces  are  not  parallel  to  the  face  of 
nut  as  one  edge  touches  the  top  of  the  nut  and  the  other  does 
If  the  big  nut  tends  to  loosen  from  vibration  it  will  bear 
inst  the  locking  member  and  the  friction  produced  between  the 
^es  and  the  bolt  threads  will  prevent  the  main  nut  from  com- 
off. 

The  castellated  nut  and  cotter  pin  which  is  shown  at  C  is  so 
ely  known  and  used  that  it  requires  no  description.  Lock 
hers  have  been  devised  in  many  forms,  typical  examples  being 
wn  at  B,  I,  J  and  M.  These  for  the  most  part  are  made  of 
ing  steel  which  must  be  flattened  out  when  the  nut  is  screwed 
n  tightly.  Some  of  these  depend  merely  on  spring  pressure, 
igh  others  have  barbs  or  ribs  which  are  intended  to  dig  into  the 
and  prevent  it  from  coming  loose.  The  ribbed  washer  is  put 
)lace  with  the  rib  uppermost  and  when  the  nut  is  screwed  down 
rib  forces  a  small  part  of  the  metal  from  the  nut  into  the 
iad  and  in  this  way  locks  the  nut  securely.  The  other  forms 
1  as  the  ** Positive,"  ** National,"  and  **Hobbs  barbed"  depend 
n  the  principle  of  one  point  digging  into  the  nut  and  the  other 
►  the  metal  the  washer  seats  on.  The  ** Columbia"  lock  nut  is 
»ry  popular  pattern  and  is  virtually  a  double  form.  The  nut 
per  is  split  and  tapered  on  the  outside  and  fits  into  the  hex- 
aal  outer  shell  which  is  tapered  inside  as  shown  at  E.  Whei 
nut  is  screwed  down  tightly  the  inside  part  sliding  on  the  r' 
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Fig,  477. — Nut  Locking  Means  that  Have  Been 

draws  the  threaded  portiwii 
nut  into  a  close  contact  with  tlij 
very  good  features  of  fh 
with  a  wrench,  yet  nbsoiul 

Another  form  of 
"Abfiolute"  and 
properties  of  a  rol 
surface  of  the  nut 
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ih  size  that  when  the  nut  is  screwed  onto  the  bolt,  the  angle  sides 
the  locking  pin  heads  fit  into  the  threads  of  the  bolt.  The  flat 
•faces  of  the  locking  pin  travel  against  the  angle  top  of  the  re- 
B  of  the  nut,  rotating  in  its  deepest  portion.  The  top  of  the  re- 
B  is  at  such  an  angle  that  the  nut  is  automatically  and  conttn- 
asly  locked  against  any  backward  motion  which  serves  to  wedge 
s  pin  more  tightly  in  position.  It  is  easy  to  take  this  nut  off,  as 
a  can  be  accomplished  by  inserting  a  small  brad  or  piece  of  wire 
<j  the  recess  to  prevent  the  pin  from  rolling  up  into  the  small 
rt  of  the  recess  when  the  nut  is  unscrewed.  This  nut  is  more 
Mtical  in  the  larger  sizes  than  it  is  on  the  small  size  nuts  widely 
id  in  automobile  construction. 

Another  system  of  locking  depends  upon  preventing  movement 
the  nut  after  it  has  been  screwed  into  place  by  a  projecting 
»gue  bent  up  against  the  nut.  As  an  example  we  have  the  "Uni- 
rsal"  washer  which  is  sliown  at  F.  This  looks  considerably  like 
ipring  washer  but  differs  in  that  it  has  a  little  tab  or  tongue  that 
i  nut  rides  over  as  it  is  screwed  into  place  and  when  the  nut  is 
-ht  the  tongue  sticks  up  and  prevents  the  nut  from  turning  back. 
Its  washer  is  made  of  hardened  steel  and  has  projections  on  its 
der  side  to  prevent  it  from  turning.  Another  type  of  locking  de- 
»  that  is  very  simple  is  the  "Reliance,"  shown  at  G.  This  is 
thing  more  than  a  plain  washer  with  a  couple  of  tongues  extend- 
f  from  the  outer  periphery  which  are  bent  against  the  nut  and 
B  piece  the  nut  hears  against,  in  the  manner  indicated.  The 
rtley"  Inck  .shown  at  L  has  ln.-i'ii  used  for  some  time  on  rail- 
B.^***uiig  more  than  a  plate  which  slips  over  the  bolt 
'  and  when  the  nut  has  been  drawn  np 
^tongnffTMiieh  can  be  turned  up  against  one 
.m  turning.  The  "O.  K." 
iving  the  end  formed  to  fit 
Ihe  nut  and  in  a  supplementary 
whicli  is  slotted.  The  cormga- 
lentary  washer  prevent  the  nut 
■ed  down  as  tightly  as  is  neces- 
fng  washer, 
'somewhat  on  the  principle  of  the 
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lastellated  nut  and  cotter  pin  is  shown  at  B.     Id  this  mft))iid^L,\|) 
lolt  is  slotted  and  a  piece  of  strong  and  ductile  wire  is  pi 
he  slot,  the  lower  end  of  which  is  formed  into  &  washer 
ween  the  nut  and  the  surface  throi^h  which  the  bolt  i 
ffhen  the  nut  is  drawn  up  tight  tlie  end  of  tht^  wire,  ^chl 
nto  the  bolt  slot  is  bent  into  one  of  the  caatellations  of  tlu 
The  "Campbell  Self-Locking"  cotter  pin  which  is  shown  it 
[77,  O,  has  been  designed  to  replace  the  well-known  sprin? 
["his  is  of  such  form  that  it  may  be  easily  inserted  in  a  Ijiil  <.'. 
phen  in  place  it  can  be  locked  by  hitting  the  loop  or  eye  ■;!'■ . 
lammer  which  drives  the  short  leg  down,  springing  the  ijriii  u 
ind  forming  a  very  effective  lock.     This  cotter  is  made  d  U 
vund  stock,  the  same  as  the  ordinary  type,  bat  has  an  l-ITf^i  i 
tnd  the  two  limbs  forming  the  body  of  the  pin  are  of  uuiiiL 
ength.    The  pin  may  be  easily  removed  when  desired  by  insertx^ 
L  screw  driver  blade  in  the  flattened  eye  and  pulling  the  stiai^: 
eg  out  of  contact  with  the  bent  leg  which  makes  it  possible  %a  vlb] 
Iraw  the  pin.    A  method  of  locking  a  nut  which  is  sometimes 
B  shown  at  P.    In  this  a  bent  plate  having  a  hezagoDa!  hole  W 
he  nut  is  held  tightly  at  the  other  end  by  a  acrew  threaded 
be  piece  the  nut  retains  or  some  other  fixed  part.    This  is 
ised  as  it  is  more  bulky  and  cumbersome  than  many  of  the 
ock  washers  described. 

Shop  Uses  of  Arbor  Press  and  Wheel  PnllBr. — One  of  the  w 
ul  tools  and  one  of  the  simplest  included  in  the  automobile  repai' 
hop  equipment  is  an  arbor  press  that  can  be  adapted  to  a  wiiii 
■ariety  of  work.  A  form  of  press,  especially  devised  for  autom^iill 
■epair  shop  work  is  shown  at  Fig,  478.  This  has  sufficient  heigM 
o  that  long  pieces  may  be  inserted  between  the  ram  and  the  W 
chile  the  supports  are  spaced  sufficiently  far  apart  to  make  it  p» 
ible  to  insert  relatively  bulky  articles.  The  press*  is  adjustable  li 
he  bed  plate  may  be  moved  up  and  down  ou  the  side  rails  in  ordff 
o  vary  the  opening  between  the  movable  member  that  exerts  th" 
lower  and  the  work  holding  portion.  The  press  is  also  suited  for  * 
rariety  of  machine  shop  operations.  The  view  at  A  shows  Itaj 
nanner  of  forcing  a.  dvW\\^  %%%t  <i{C  q(  the  shaft  of  a  roIL  i^L 
rill  be  noted  the  VA  is  vV*««^  io'Fii.T«»x  *ei«N«ae.  -«v^.^-«a^«^ 
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isible  the  introduction  of  the  long  roller.  The  gear  to  be  forced  . 
is  supported  by  two  iron  bars  T^hich  rest  on  substantial  wooden 
cks  carried  at  either  side  of  the  roll.  The  pressure  is  exerted 
dust  the  end  of  the  shaft,  this  forcing  the  shaft  from  the  gear, 
B  use  of  the  press  in  straightening  a  bent  rear  azle  housing  is 
rwu  at  B  and  on  front  axle  work  is  shown  at  D.    At  C  the  opera- 


rig.  d7&— tTMfl  of  Ar^or  Press  In  Antomo1)U«  Bepklr  SIiop. 

an  of  pressing  in  a  bearing  cup  in  a  wheel  hub  is  clearly  shown. 
be  manner  in  which  relatively  small  parts  may  be  handled  is 
esrly  outlined  at  E  where  a  gear  is  being  forced  off  of  the  arma- 
ire  shaft  of  a  starting  motor  and  at  P  where  the  constant  mesh 
tax  is  being  removed  from  the  countershaft  of  a  gear  set. 

The  wheel  puller  is  also  a  very  useful  appliance,  special  forms 
dted  for  repair  shop  work  are  shown  at  Fig.  479.  The  type 
lowo  at  A  is  a  two  armed  puller  having  two  sets  of  arms,  the  loi^" 
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Tig.  479.— How  to  Use  Wbeel  and  a«ar  PnUen. 

set  being  attached  to  the  upper  arm  as  indicated.  This  ma 
possible  to  handle  work  of  relatively  small  diameter  that  is  b 
reach  of  one  set  of  arms  as  shown  at  B  or  on  vork  of  large  dii 
that  would  be  beyond  the  capacity  or  spread  of  the  beam 
used  as  at  A.  In  this  case  a  piece  of  wood  is  being  used  as  a  sp 
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•r  the  arms.  It  is  relatively  easy  to  move  work  near  the  end  of 
.e  shaft,  this  involving  the  use  of  only  one  set  of  arms  as  shown 
,  C.  The  use  of  the  three  armed  puller,  which  is  a  superior  form 
^r  general  service  to  that  shown  at  C,  inasmuch  as  it  is  not  apt  to 
K^k  over  to  one  side  or  the  other  when  the  pressure  is  applied  is 
Lown  at  D. 

To  Hake  Wood  Acid  Proof. — Some  storage  batteries  are  car- 
ed in  wooden  battery  boxes  on  cars  and  annoy  the  owners  by 
aking  or  slopping  of  the  acid.  To  make  the  wood  acid  proof  take 
z  parts  of  wood  tar  and  12  parts  resin,  and  melt  them  together 
L  an  iron  kettle,  after  which  stir  in  eight  parts  of  finely  powdered 
rick  dust.  The  surface  to  be  covered  must  be  thoroughly  cleaned 
id  dried  before  painting  with  the  warm  preparation. 

Sharpening  Files. — Lay  dull  and  worn  files  in  a  solution  of  sul- 
buric  acid,  consisting  of  one  part  acid  and  two  of  water.  Let 
lem  stand  over  night,  then  rinse  in  clear  water.  Put  the  acid  in 
:i  earthenware  vessel.  To  resharpen  old  files  wash  them  in  warm 
ater  to  remove  the  grease  and  dirt,  then  rinse  in  warm  water  and 
ry  by  heat.  Put  1J4  pints  of  warm  water  in  a  wooden  vessel,  put 
1  the  files,  add  3  oz.  of  blue  vitriol,  finely  powdered,  and  3  oz.  of 
k>rax.  Mix  well  and  turn  the  files  so  that  every  one  may  come  in 
>2itact  with  the  mixture.  Add  IOJ/2  oz,  sulphuric  acid  and  J4  oz. 
t  vinegar.  Remove  the  files  after  a  short  time,  dry,  rub  with  olive 
ily  wrap  in  porous  paper.  Coarse  files  should  be  kept  in  the  mix^ 
Ue  for  a  longer  time  than  the  fine  ones. 

The  Cheap  Blackening  of  Brass. — The  following  solution  for 
Lackening  brass  is  nothing  new ;  in  fact  it  has  been  known  for  a 
tc&g  time.  Owing  to  its  cheapness,  ease  in  working  and  adapta* 
ility  for  many  purposes,  it  has  been  deemed  advisable  to  bring 
i  again  to  notice.  Many  platers  of  course  will  recognize  it  as  an 
Id  solution  known  to  the  plating  industry  for  many  years,  but  they 
lay  not  have  realized  its  advantages  for  some  classes  of  work.  The 
>lntion  is  made  as  follows : 

Water 1  gallon 

Sugar  of  lead  8  ounces 

Hyposulphite  of  soda  8  ouncea  ^ 
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The  solution  is  used  as  hot  as  possible  and  the  brass  w 
simply  dipped  in  it  and  allowed  to  remain  until  black.  This 
about  a  minute  or  less.  The  articles  are  then  rinsed  in  cold  ' 
then  in  hot  water  and  dried.  If  the  pieces  are  seratch-br 
dry,  the  black  deposit  will  have  a  high  luster.  When  dippe< 
the  solution,  the  surface  of  the  brass  article  becomes  yellow, 
blue  and  finally  black.  The  articles  should  always  be  lacq 
as  the  black  deposit  is  likely  to  oxidize  and  fade  if  not;  I 
coated  with  lacquer,  it  seems  to  be  quite  permanent.  For  a  < 
class  of  goods  that  require  a  black  finish,  this  solution  cai 
quently  be  used  to  a  good  advantage.  It  requires  no  electric 
rent  used  as  a  dip.  The  color,  to  be  sure,  is  not  a  coal  black 
resembles  a  graphite  black  more  than  an3rthing  else  and  1 
slight  gray  shade.  It  is  sufficiently  black,  however,  to  answer  i 
purposes  and  it  is  so  easily  applied  that  it  can  be  used  on  c 
goods  with  only  a  slight  increase  in  cost. 

Heat-Proof  Paint. — To  make  a  good  cylinder  exhaust 
paint,  use  two  parts  of  black  oxide  of  manganese,  three  par 
graphite  and  nine  parts  of  Fuller's  earth,  thoroughly  mixe< 
which  add  a  compound  of  10  quarts  of  sodium  silicate,  one 
of  glucose  and  four  parts  of  water,  until  it  is  of  such  consist 
that  it  may  be  applied  with  a  brush. 

Etching. — To  etch  iron  or  steel  mix  one-half  ounce  of  zi 
and  one  ounce  muriatic  acid.  Shake  well,  and  it  is  ready  for 
Cover  the  place  to  be  etched  with  melted  beeswax  and  when 
write  the  inscription  plainly  in  the  wax  clear  to  the  metal  wi 
sharp  instrument;  then  apply  the  mixture  with  a  feather,  < 
fully  filling  each  letter.  Let  remain  from  one  to  ten  mini 
then  throw  on  water,  which  stops  the  etching  process,  and  rca 
the  wax. 

Use  of  Tools. — Never  use  a  tap  in  a  cored  or  rough  hole, 
a  heavy  flat  drill  through  to  take  out  scale,  sand  or  projeet 
Use  plenty  of  good  lard  oil  in  cutting  threads  with  a  die.  1 
times  a  die  tap  is  ruined  the  first  time  it  is  used,  because  1 
was  no  oil  put  on  the  work.  Never  use  taps  in  any  metal  in\ 
using  plenty  of  good  oil.  The  tap  will  gauld  in  any  metal 
tear  the  threads  off  unless  well  oiled.   Never  draw  a  monkey  wi 
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•"ard  from  the  jaws.  Always  pull  toward  the  jaws,  otherwise 
ir  may  be  bent.  Never  use  a  reamer  on  pipe  of  any  kind, 
cale  inside  of  the  pipe,  caused  by  the  flux  used  in  welding 
izing,  is  as  hard  as  glass  and  no  reamer  made  is  hard  enough 
b  it. 

rilling  Holes  in  Glass. — Holes  of  any  desired  size  may  be 

d  in  glass  by  the  following  method :  Take  a  small  three-cor- 

file  and  grind  the  points  from  one  comer  on  the  bias  from  the 

and  set  it  in  a  brace,  such  as  employed  in  boring  wood,  etc. 

lie  glass  in  which  the  holes  are  to  be  bored  on  a  sinooth  sur- 

covered  with  a  blanket  or  some  other  similar  material,  and 

to  bore  the  hole.    When  a  slight  impression  is  made  on  the 

place  a  disc  of  putty  around  it  and  fill  with  turpentine  to 

nt  heating  by  friction.    Continue  boring  the  hole,  but  do  not 

too  hard  on  the  brace  when  drilling. 

aking  a  Magnet  of  a  File. — Small  nuts  or  washers  or  other 
parts,  which  have  fallen  into  the  crankcase  may  often  be  re- 

I  without  the  necessity  of  dismantling  the  engine  by  means 
cnagnet.  By  taking  about  a  dozen  turns  of  one  strand  of  the 
to  which  a  lighted  electric  lamp  is  attached  around  a  file 

II  be  magnetized  quite  strongly  enough  for  all  practical 
»8es. 

dcnliar  Case  of  EInocldng. — The  car  was  a  popular  {our-cylin- 
lodel  about  a  year  old.  It  was  brought  to  the  shop  for  a  thor- 
overhauling,  and  for  taking  up  all  the  bearings.  When  the  job 
complete  and  the  engine  operated,  a  very  severe  knock  de- 
ed that  sounded  exactly  like  a  loose  bearing.  After  consider- 
experimenting,  it  was  found  that  one  of  the  pistons  touched 
ulder  in  the  top  of  the  cylinder,  this  was  because  the  packing 
Jen  the  cylinder  and  crankcase  had  been  reduced  in  thickness 
le.  A  thicker  packing  cured  the  trouble. 
list  on  Tools  and  Work. — Vaseline,  to  which  has  been  added 
ill  amount  of  powdered  gum  camphor,  heated  over  a  slow  fire, 
prevent  rust  on  tools.  A  mixture  of  one  pound  of  lard,  one 
5  of  gum  camphor  and  a  little  lampblack  melted  together  will 
ct  bright  work  from  rust.  Other  formulae  are :  A  mixture  of 
and  kerosene  in  equal  parts,  a  mixture  of  tallow  and  whitA 
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lead,  and  of  tallow  and  lime.    Smear  the  parts  to  be  protected 
any  one  of  these  mixtures. 

Screw  Cutting  Gears. — Multiply  the  number  of  threads  ci 
equal  gears,  as  indicated  on  the  index,  by  the  number  that  will 
for  a  product  a  gear  on  the  index.  Place  this  gear  on  the  sp 
or  stud.  Multiply  the  number  of  threads  per  inch  to  be  cut  b; 
same  number  and  put  the  resulting  gear  on  the  screw.  Thus, 
lathe  cuts  four  threads  by  equal  gears  and  13  threads  per  idcI 
wanted  then  multiply  by  five,  showing  that  to  cut  13  threads 
inch  would  require  a  gear  of  20  teeth  on  the  spindle  or  stud  a 
gear  of  65  on  the  lead  screw. 

Treating  Polished  Iron  or  Steel. — Wash  polished  iron  or 
that  has  become  gray  and  lusterless,  with  a  stiff  brush  and  amn 
soapsuds.  Rinse  well  and  dry  by  heat  if  possible.  Then  app 
plentiful  supply  of  sweet  oil  and  dust  thickly  with  powdered  qi 
lime.  Let  the  lime  stay  on  two  days,  after  which  it  shoul( 
cleaned  off  with  a  stiff  brush.  Polish  with  a  softer  brush  and 
with  cloths  until  the  luster  comes  out.  By  leaving  the  lime  on, 
and  steel  may  be  kept  from  rust  almost  indefinitely. 

Speed  of  Grindstones. — To  grind  machinist's  tools  stones  sh 
have  a  speed  of  about  800  feet  a  minute  at  periphery,  a  30 
stone  running  about  100  revolutions  a  minute.     In  grinding 
penter's  tools  a  speed  of  600  feet  a  minute  at  periphery  shod- 
maintained,  a  30  inch  stone  running  75  revolutions  a  minute. 

Cleaning  Brass  Castings. — Brass  castings  that  are  greasy 
be  cleaned  by  boiling  in  lye  or  potash.  The  first  pickle  is  comp 
of  one  quart  of  nitric  acid,  and  six  to  eight  quarts  of  water.  A 
washing  in  clear  warm  or  hot  water  the  casting  should  be  imme 
in  the  second  pickle,  composed  of  one  quart  of  sulphuric  acid, 
quarts  of  nitric  acid  and  a  few  drops  of  muriatic  acid. 

Laying  Out  Work. — Use  blue  vitriol  and  water  on  the  sur 
of  steel  or  iron  in  laying  out  work.  This  will  give  a  nice  cop 
plate  surface,  so  that  all  lines  will  show  plainly.  A  little  oi 
vitriol  will  eat  off  oily  surfaces  and  leave  them  nicely  copper* 

Pipe  Joint  Cement. — Mix  10  parts  of  iron  filings  and  t 
parts  of  chloride  of  lime  to  a  paste  by  means  of  water.  App 
the  joint  and  clamp.    It  will  be  solid  in  12  hours. 
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I>rilliiig. — Use  kerosene  to  drill,  ream  or  turn  malleable  iron, 

to  drill  or  turn  aluminum.     Turpentine  should  be  used  instead 

oil  for  drilling  hard  steel,  as  it  will  cause  drilling  readily  when 

e  metal  cannot  be  touched  with  oil.    By  using  a  combination  of 

rpentine  and  camphor,  glass  may  be  drilled  with  a  common  drill, 

len  the  point  of  the  drill  comes  through  the  hole  should  be 

>rked  with  the  end  of  a  three-cornered  file,  having  edges  ground 

eirp.    Use  the  corners  of  the  file  to  scrape  rather  than  as  a  reamer. 

r^at  care  must  be  taken  not  to  crack  the  glass  or  flake  off  pieces 

it  while  finishing.    The  mixture  should  be  used  freely,  both  while 

filing  and  scraping.    It  may  be  used  as  well  to  drill  hard  cast 

>n  and  tempered  steel. 

Body  Polish. — A  much  recommended  body  polish  is  made  by 
Lxing  the  following  ingredients: 

Turpentine   1  gallon 

ParaflBne  Oil 1  pint 

Oil  of  Citronella .Syi  ounces 

Oil  of  Cedar lyi  ounces 

Another  scheme  is  to  use  a  mixture  of  boiled  linseed  oil  and 

arpentine,  applying  it  sparingly  and  rubbing  absolutely  dry.    The 

ie  of  these  polishes  will  restore  even  an  old  car  to  a  degree  of 

"ightness  that  will  please  the  owner.    Floor  wax  is  also  used,  as 

furniture  polish. 

€}are  of  Tops. — Mohair  tops  should  be  frequently  dusted  and 
Xished  off.  Pantasote  tops  and  curtains  are  best  cleaned  with  a 
ft  brush  dipped  in  water  to  which  a  little  ammonia  has  been 
Ided.  Afterwards  rub  dry.  Never  attempt  to  clean  top  and  cur- 
ins  with  gasoline  or  kerosene.  Do  not  fold  the  top  until  it  has 
»come  thoroughly  dry,  because  any  moisture  remaining  in  the 
*XdB  is  apt  to  cause  mildew,  besides  making  the  top  leaky  and  un- 
^tly  with  spots.  When  a  car  is  not  used  for  some  time,  it  is 
i9t  to  open  the  top,  which  keeps  it  well  stretched  and  smooth. 
Uare  of  Leather  Upholstery. — Do  not  use  gasoline  in  cleaning 
^ther  upholstery.  Plain  water  with  a  little  ammonia  will  remove 
te  dirt  and  a  brisk  rubbing  with  a  clean  woolen  or  flannel  cloth 
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will  do  the  rest.    For  still  more  careful  treatment  use  a  r 
leather  dressing. 

Care  of  Cloth  XTpholstery. — Do  not  use  an  acid  soluti 
cleaning  cloth  upholstery. 

Cloth  is  not  affected  by  climatic  conditions  and  withstand 
heat  and  cold,  and  having  no  oil  in  its  make-up,  does  not  pi 
or  hold  dust  readily.  To  remove  ordinary  dust,  beat  cushioi 
backs  lightly  with  stick  or  carpet  beater,  then  remove  dusi 
whisk-broom  or  brush.  Grease  or  oil  may  be  removed  by  the 
cation  of  a  solution  of  luke  warm  water  and  Ivory  soap  a] 
with  a  woolen  cloth.  Any  of  the  approved  methods  for  cle 
woolen  cloth  may  be  used  with  success  on  this  upholstery, 
line  and  benzine  have  a  tendency  to  spread  instead  of  removij 
dirt.  Their  use  is  not  recommended  for  this  reason,  althougli 
work  no  injury  to  the  fabric. 


CHAPTER  XIV 

USEFUL  TABLES   FOB  THE  MECHANIC. 

Mathematical  Tables 

lie  of  Inch  Decimal  Equivalents — Millimeter  Decimal  Equivalents — 
Metric  Conversion  Tables — General  Formulse  in  Mensuration — ^Diagonals 
of  Hexagons  and  Squares — U.  S.  Measures  and  Weights — ^Trigonometri- 
cal Formulse — Circumferences  and  Areas  of  Circles. 

Mechanical  Tables 

A.  E.  Screw  Standard — Standard  Hexagon  Bolts  and  Nuts — Machine 
Screw  Table — Dimensions — Pipe  Threads — S.  A.  E.  Carburetor  Fittings 
— Standards  for  Wire  Gauges— ^calculating  Length  of  Chain — ^Table  of 
Allowances  for  Grinding — Sizes  of  Drills  to  Use  for  Hand  Taps — ^Twist 
Drill  Gauge  Sizes  Speed  of  Drills — ^Figuring  Emery  Wheel  Speeds — 
Pulley  Sizes — Lathe  Gearing  for  Cutting  Threads — ^Allowances  for  Fits. 

MiaceUaneoua  Tables 

\e  Per  Mile  Expressed  in  Miles  Per  Hour — Comparative  Scale,  Fahrenheit 
and  Centigrade  Thermometers — Horsepower  Chart — Compression  Press- 
ure— Approximate  Horsepower  of  Four-Cycle  Engines — ^Two-Cycle  En- 
gines— Indicated  Horsepower — ^Weights  of  Metals — Weight  of  Steel 
Bars — Weight  of  Castings  to  That  of  Wood  Patterns— Table  of  Gra- 
dients— Calculating  Grade  Percentages — Chart  for  Determining  Speed 
of  Car. 

Those  engaged  in  mechanical  work  cannot  fail  to  appreciate  the 
►les  which  follow,  selected  with  care  and  with  special  reference 
automobile  repairing,  machine  work  and  allied  industries.  These 
^e  been  compiled  from  standard  authorities  on  mechanics,  stand- 
Is,  metallurgy,  automobile  construction  and  design,  mathematics, 
cetera,  and  therefore  can  be  divided  into  three  general  classes. 
ose  dealing  with  arithmetic  are  in  one  group,  those  having  to  do 
th  machine  work  are  in  another  group,  while  the  remainder  deal 
th  miscellaneous  subjects.  It  is  believed  that  the  tabulation  can 
of  value  in  many  ways  to  the  motorist  as  well  as  to  the  mechanic. 
Idle  this  data  is  available  to  all  who  can  consult  different  standard 
nrks,  it  is  believed  that  compilation  in  condensed  form,  as  well  as 
rearrangement  in  some  cases  to  simplify  the  matter,  will  make  it 
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of  real  service  to  the  laymen  as  well  as  the  more  expert  mach 
and  repairman.  Because  of  the  number  of  authorities  consulted 
the  many  works  from  which  the  tables  have  been  made,  it  is 
possible  to  give  individual  acknowledgment,  especially  as  man; 
the  tabulations  have  long  been  public  property  and  have  been  i 
erally  used  by  writers  on  mechanical  subjects. 

Table  of  Decimal  Equivalents 


8ths 

A =21875 

if  =  .296875 

H  =  .125 

A =28125 

li  =  .  328125 

>i«.250 

ii  =  .  34375 

if  =  .359375 

J^-.375 

ii  = -40625 

}i=. 390625 

H=.500 

iJ=. 46875 

H  =  .  421875 

J|=.625 

H  =  .  53125 

H  =  .453125 

Ji-.750 

H=.  59375 

JJ  =  . 484375 

K=.875 

H  =  . 65625" 

H  =  . 515625^ 

ji  =  .  71875 

H=. 546875 

16ths 

11  =  .78125 

H=.  578125 

A  =.0625 

H  =  .  84375 

{}  =  . 609375 

A  - . 1875 

J}  =  .90625 

}i=. 640625 

^•=.3125 

Ji=.  96875 

H-. 671875 

T^«  =  .4375 

64ths 

t}».  703125 

A =5625 

A =015625 

J}-. 734375 

iH.6875 

A =046875 

H=. 765625 

ii  =  .8125 

A =078125 

H  =  . 796875 

if  =.9375 

A  = . 109375 

H--.  828125 

A  = . 140625 

tt-. 859375 

32ds 

ii=.  171875 

H= -890625 

A  =  .03125 

H=.  203125 

If -.921875 

/i  =  .  09375 

U  =  .  234375 

U-.  953125 

A  - . 15625 

ii  =  . 265626 

ft -.984375 
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ble  of  Decimal  Equivalents  of  Millimeters  and 
Fractions  of  Millimeters 


Mm.   Inches 

Mm.   Inches 

Mm. 

Inches 

A  = .00079 

j  J  =  .02047 

2  = 

07874 

A=  00157 

!i  =  ,  02126 

3  = 

.11811 

A  =  .00236 

ii=   02205 

4  = 

-15748 

A=  00315 

IS  =  .02283 

5  = 

.19685 

s'(=  00394 

?!  =  .  02362 

6  = 

.23622 

j'a-.  00472 

|i  =  . 02441 

7  = 

.27559 

j^  =  .00551 

U  = .02520 

8  = 

.31496 

A  =  -00630 

U  = .02598 

9  = 

.35433 

/«=  00709 

ij  =  ,02677 

10  = 

.39370 

a-'   00787 

JS  =  .  02756 

11  = 

-43307 

ii  =  . 00866 

H  =  .  02835 

12  = 

.47244 

ij  =  .  00945 

?J=. 02913 

13  = 

.51181 

J  J  =  .01024 

15  =  ,02992 

14  = 

.55118 

iJ  =  . 01102 

ii=   03071 

15  = 

.59055 

ii=  OUSl 

Jg  =  . 03150 

16  = 

.62992 

J(=.  01260 

!i-.  03228 

17  = 

.66929 

ij=  01339 

Ji  =  .  03307 

18= 

.70866 

il=   01417 

U  =  .03386 

19  = 

.74803 

H-. 01496 

ii=,  03465 

20  = 

.78740 

!3=. 01575 

i  J -.03543 

21- 

.82677 

i4=. 01654 

18  =  .03622 

22  = 

,86614 

11=  01732 

J  J  =.03701 

23- 

.90551 

K-. 01811 

i|  =  .  03780 

24  = 

,94488 

Jl = .01890 

n  = ,03858 

25- 

.98425 

jj=  01969 

1  =  .  03937 

2G  = 

.02362 

=  1  Centimeter  -  0.3937  inches. 
=  1  Decimer  ■■  3.937  inches.' 
■  1  Meter  -  39.37     inches. 

,  ■■  1  English  iadi. 


Metric  System  and  English  Equivalents. 

The  Metric  Sjrstem  is  baaed  cm  the  Meter  which  was  designed  to  be  one 
ten-millionth  (rva^rvw)  V^^  of  ^^^  earth's  meridian,  passing  through  Dunkirk 
and  Pormentera.  ICater  investigations,  however,  have  shown  that  the  Meter 
exceeds  one  ten-millionth  part  by  almost  one  part  in  6400.  The  value  of  the 
Meter,  as  authorized  by  the  U.  S.  Government  is  89.37  inches.  The  Metric 
system  was  legalized  by  the  U«S.  Go\'emment  in  1866. 

The  three  principal  units  are  the  meter,  the  unit  of  length,  the  liter,  the 
unit  of  capacity,  and  the  gram,  the  unit  of  weight.  Multiples  of  these  are 
obtained  by  prefixing  the  Greek  words :  deka  (10),  hekto  (100),  and  kilo  (1OO0). 
Divisions  are  obtained  by  prefixing  the  I^tin  words:  deci  (A),  centi  (rivii  ^^ 
miUi  (r^).  Abbreviations  of  the  multiples  begin  with  a  capital  letter,  and. 
of  the  divisions  with  a  small  letter,  as  in.the  following  tables : 

Measures  of  Length 

10  millimeters  (mm.) •*  1  centimeter  (cm.) — .SUTia. 

10 centimeters........ —  1  decimeter  (am.)        

10 decimeters .—  Imeter  (m.) ^.28088 ft.-i38.37 ini. 

10 meters —  Idekameter  (Dm.) 

10  dekameters. ~  1  hektometer  (Hn^) 

10  hektometers —  1  kilometer  (Km.) —0.68187  mile 

Ifoot —     .a048meter 

lincb -  25.4  millimeters 

Measures  of  Surface  (not  L4uid) 

1(X)  square  millimeters  (mm.s) —  1  square  centimeter  (cm.<)  — O.lKsq.ia. 

100  square  centimeters —  1  square  decimeter  (dm. *) 

100  square  decimeters —  1  square  meter(m.s) — 10.764  aq.  ft 

1  square  yard —       .836  square  meter 

I  square  toot —       .0029  square  meter 

,        1  square  inch —  645.2  square  millimeters 

Measures  of  Volume 

1000  cubic  millimeters  (mm. 9)— 1  cubic  centimeter  (cm.s) — .OSlcaia. 

lOiiO cubic  centimeters — 1  cubic  decimeter  (dm.s)— 1  liter— 61 .028 cains. 

lOuO  cubic  decimeters — 1  cubic  meter  (m.s)— 85.314  cu.ft.— 264.2galloos 

Icubicvard —     .7645  cubic  meter 

1  cubic  foot —     .02832  cubic  meter 

1  cubic  inch —  16.387  cubic  centimeters 

Measures  of  Capacity 

10  milliliters  (ml.) -  1  centiliter  (d.) 

lOcentililers —  1  deciliter  (dl.) 

lOdeciliters. -1  liter  (1.) -1.0667  qts.(U'.S.)-6L0BcoJflii 

10  liters -  1  dekaliter  (Dl.) 

10  dekaliters - 1  hektoliter  (HI.) 

lOhektoliler -  1  kiloliter  (Kl.) 

1  gallon  (U.S.) -3.785 liters 

1  gallon  (British) -4,543  liters 

Measures  of  Weight 

10  railliprrams  (mg.) —  1  centigram  fcg.) 

10  centigrams , —  1  decigram  (<%T) 

lOdecigraras  —  1  gram  (g.) «15.4S8 grsini 

10  grams        —  1  dekagram  (Dg.) 

10  dekagrams —  1  hektogram  (Kg.) 

10  hektograms —  1  kilogram  (Kg.)  ....... .— lt.2M6  poimds 

1000  kilograms —  1  ton  (T) -.0842  ton  of  2240 poaads 

NoTC^The  gram  is  the  weight  of  one  cubic  centimeter  <^  puredistiltc^ 
water  at  a  temperature  o(  3a.2^P.:  the  kilogram  is  the  weight  of  1  liter  €l 
water;  the  tou  is  the  weight  of  1  cubic  meter  of  water. 

1  grain .0648gTam  1  ounce  (Avd.) , —  28.85giia* 

1  pound—  .  1^  kilograms         1  ton  of  2840  pooadt*  1.010  netnLlsit 
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General  Formulee. 


ircumference  -'diameter  x 3.1416,  nearly ;  more  accurately  3.141592 
pproximations,     ^  -  3.143;      g  -  3.141592;      j^-g^  -  .3183 

diameter  —  circumference  x  .3183. 

diameter  of  circle  x  -88623  |  .^j^^  ^j  ,      ^^^^ 

ircumference  of  circle  X  .28209  J  ^       ^ 

Circumference  of  circle  x  1 .  1284  —  perimeter  of  equal  square. 

)iameter  of  circle  x  .7071  1  .^j^^  ^j  inscribed  square. 

Circumference  of  circle  x  .22508  J 

ide  of  square  x  1.4142— diameter  of  circumscribed  circle. 
"      X  4.4428 -circum.     "  "  " 

"         "      X  1.1284 -diameter  of  equal  circle. 

"         "      X  3.5449 -circum.     "      "  "x 

^erimeter  of  square  x  .88623  —  circumference  of  equal  circle. 

Areas 

irea  of  triangle  —  base  x  yi  perpendicular  height. 

u^a  of  parallelogram— base  x  perpendicular  height. 

Lrea  of  trapezoid  —  half  the  sum  of  the  parallel  sides  x  perpendic- 
ular height. 

urea  of  circle— diameter  squared  x  .7854  nearly,  more  accurately 
.7853982. 

Lrea  of  circle  x  .63662  -  area  of  inscribed  square. 

Lrca  of  circular  ring  —  sum  of  tlie  two  diameters  x  difference  of  the 
tu'O  diameters,  and  the  product  x  .7854. 

irca  of  parabola  —base  x  %  height. 

Li^a  of  pyramid  or  cone  —  circumference  or  periphery  of  base  x  >i 
«lant  height 

irea  of  ellipse  —  long  diameter  x  short  diameter  x  .7854. 

Surfaces 

urface  of  cylinder  —  area  of  both  ends+  (length  x  circumference.) 

urface  of  sphere  —  diameter  squared  x  3.1416,  or  circumference  x 
diameter. 

Solid  Contents 

ontents  of  prism,  right  or  oblique  —  area  of  base  x  perpendicular 
height. 

ontents  of  cylinder  —  area  of  end  x  perpendicular  height.- 

ontents  of  sphere  —  diameter  cubed  x  .5236,  or  surface  x  ^diam^, 

ontents  of  pjrramid  or  cone  —  area  of  base  x  J  perpendicular  h'g'L, 
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Diagonals  of  Hexagons  and  Squares 


Across 

Across  Comers  | 

Across 
Flats 

Across  Comers 

Across 
puts 

Across  Concn 

Flats 

Hexa- 
gon 

Squares 

Hexa- 
gon 

Squares 

Hexa- 
gon 

Sqstni 

^h 

.072 

.088 

1% 

1.587 

1.944 

2H 

3.10S 

S.» 

U 

.144 

.177 

l/i 

1.659 

2.082 

29C 

3.175 

l.» 

^€ 

.216 

.265 

IH 

1.732 

2.121 

2H 

S.2I7 

S.M 

K 

.288 

.353 

lA 

1.804 

2.209 

2% 

8.819 

4.00 

A 

.360 

.441 

1% 

1.876 

2.296 

2U 

8  891 

4.1M 

% 

.432 

.630 

l\k 

1.943 

2.386 

8 

8.464 

4.90 

I'f 

.505 

.618 

Ifi 

2.020 

2.470 

8A 

8.586 

4.n 

}4 

.577 

.707 

IH 

2.092 

2.56S 

8H 

8.606 

4.419 

^ 

.649 

.796 

1% 

2.166 

2.651 

8A 

8.680 

\m 

S 

.721 

.883 

Ul 

2.237 

2.740 

8K 

8.7S2 

4.9N 

n 

.793 

.972 

2 

2.309 

2.828 

8A 

8.824 

4.M 

\ 

.865 

1.060 

2A 

2.381 

2.916 

3H 

3.897 

4.78 

H 

.938 

1.149 

2M 

2.453 

S.006 

ZH 

4.041 

4.90 

% 

1010 

1.237 

2A 

2.526 

S.098 

8H 

4.185 

6.1X 

il 

1,062 

1.326 

2K 

2.696 

8.182 

ZH, 

4.330 

6.M 

1 

1.165 

1.414 

2A 

2.670 

8.270 

8K 

4.474 

WB^SV 

lA 

1.226 

1.502 

2% 

2.742 

3.368 

4 

4.616 

S.fll 

IH 

1.299 

1.591 

2A 

2.814 

3.447 

4H 

4.76S 

6.ai 

lA 

1.371 

1.679 

2% 

2.886 

3.635 

4K 

4.904 

6.019 

IK 

1.443 

1.767 

2A 

2.958 

3.623 

4H 

6.061 

6.m 

lA 

1.515 

1.856 

2S 

3.031 

8.712 

^^— 

5.196 

S.M 

Diagonal  of  hexagon  equals  1.165  times  distance 
Diagonal  of  square  equals  1.414  times  distance 


across  flats, 
fl^ts. 


AREAS  OF  SMALL  CIRCLES  UP  TO  ONE  INCH 


DIA. 

0 

1  •' 

.2 

.3 

.4 

1   •» 

1  •• 

1   •' 

1   '  1 

be. 

AREAS 

.00 

.0 

.0078 

.0314 

.0706 

.1256 

.1963 

.2837 

.3848 

.5026 

.01 

.000078 

.0005 

.03464 

.0766 

.132 

.2043 

.2923 

.3080 

.5158 

.02 

.00031 

.0113 

.038 

.0804 

.1365 

.2124 

.3014 

.4071 

.5361 

.03 

.0007 

.0133 

.0416 

.0855  . 

.1462 

.2206 

.8117 

.4185 

.5411 

.04 

.00126 

.0164 

.0452 

.0006 

.1620 

.2290 

.3217 

:430l 

.5542 

.05 

.^196 

.0177 

.0491 

.0962 

.1500 

.2370 

.3316 

.4418 

.5674 

.06 

.00283 

.0201 

.0531 

.1018 

.1662 

.2403 

.8421 

.4536 

.5809 

.07 

.00385 

.0227 

.0572 

.1075 

.1736 

.2662 

.8520 

.4057 

.5045 

.06 
-.09 

.00503 

.0255 

.0610 

.1134 

.161 

.2642 

.8632 

.4778 

.0088 

.00636 

.0283 

.066 

.1105 

.1866 

.2734 

.8730 

.4802 

.0231 

Across  the  top  are  the  diameters  of  drcles,  and  at  the  left  are  f^Mod 

ineiementa  increasing  by   01  of  an  inch.    Thus  the  area  dL  a  ditsle  M  o 

^eb  i^  diameter,  ^£S\^  ol  «^  ^o^aAs^  vcl^V  ^inSl  \)%i!Qnnd  under  JS  and  opposti 


aRCUMFERENCES  AND  AREAS  OF  CIRCLES 

Fm  1  bdi  to  U  lBck»  bclutn 


Ci^B. 

At. 

D,.m. 

Ci^.™. 

Acu 

D..n>. 

Ci^m. 

a™ 

12,sr-i 

25  131 

50.263 

1^ 

31.849 

3MJ3 

:B940 

12:939 

13'364 

53.i40 

3. 7309 

1-.1075 

13. IM 

13.772 

26 

311 

53.088 

14.1S6 

26 

701 

Sfl.74S 

S8.42S 

4:3197 

i:4S19 

13:744 

15:033 

27 

483 

4. SIM 

1.0230  . 

13.941 

15  466 

37 

882 

61 : 862 

\ 

:d17S 

It 

63,617 

5:iosi 

.0739 

\ 

H  S30 

io:boo 

63.397 

S  30M 

.2365 

14-728 

17,237 

29  000 

67,201 

29  452 

69  029 

25802 

15:119 

S8M5 

2.-012 

15.3IS 

13.663 

30.238 

72:760 

C0868 

IU.H7 

30  631 

74.663 
76.689 

3,1410 

15.708 

19  635 

0  479S 

3,3410 

15,904 

20.  ra 

10 

31.418 

7S.S40 

3,5466 

y 

31.809 

8o.sia 

16:297 

83.516 

-  Ofisa 

3.flT61 

r 

16,493 

21.648 

32  594 

84,341 

7.2649 

4,2000 

32.987 

86.500 

lo'sse 

88.664 

-^^ 

I7.0M 

23.221 

90. 703 

7S540 

4  00S7 

17,279 

23,758 

34:i6S 

02.886 

8.0S03 

a.  2467 

17671 

24:SS0 

95  033 

H.4430 

5  67!7 

17  86S 

2S.406 

K.^-iUl 

33  343 

99:401 

18,281 

101,63 

C.491S 

18.437 

27.109 

0  22tJ 

0.77T1 

37-BS8 

38  S2I 

106:  U 
106,43 

9  "n 

7,00M 
7  3M2 

^ 

IS  850 
19  242 

28  274 
29, -46,^ 

37:306 

I10.7S 

Bfil75 

T  wm 

12 

37  899 

113  10 

31  BIO 

133,73 

20,420 

33,183 

43  982 

153. M 

10:407 
10.603 

8M« 

35.785 

15 

47  124 
SO  265 

176.71 

201, M 

2i:k« 

37,122 

17 

S3  407 

226.98 

9  6211 

IS 

36  549 

2S4.47 

0,0678 

69  600 

283, «3 

11  38S 

22  1S4 

39.871 

10  OSO 

22  776 

11  282 

21 

85  073 

34636 

II  WS 

89  115 

380  13 

11977 

413,48 

12.174 

Ii:7fi3 

23953 

45:664 

24 

-li.in 

4S3  3S 

12  370 

I2.\n 

7S540 

490,87 

24:740 

48707 

Trigonometrical  Formulee,  Etc. 


A.     -^      adjacent  vie 

~  c  "    hypotenuM 

cotA.-- L_J^jac««»fc 

M        uppccitendt 

C  hypotgnttC 


Geaeral  BoaiTalcats 

The  illuitntion  shows  die  dif> 
fereht  trigonometrical  espies- 
nons  in  tenni  of  the  angle  A. 

In  the  foUowing  formoLe  dw 
radius  — L 


CompleiAent  of  an  angle  —  its  difiFerence  from  M*. 
Supplement  of  an  angle  -  its  difference  (rom  180". 


ioc-y"^ 


Co«.-v/p- 


Sec.-v' 

rad.'  +  tan.'--^^--g^ 

=°^-s: 

Tan.--; 

n.           1 

COS.              1 

Versin.- 

rad.-cos. 

Cbversin. — nuL— «in. 

?.ad.- \iT\.  1.  <yA.-V  «« 

\>\a3fc> 

U.  S.  Measures  and  Weights 


DRY  MBASURB.'-U.  S. 

2  pints  =  1  quart.       8  quarts  =  1  peck.       4  pecks  =  1  busheL 
standard  U.  S.  bushel  is  in  cvlinder  form,  18^  inches  diameter  and  8 
aches  deep,  and  contains  2150.42  cubic  inches, 
-uck  bushel »  2150.42  cubic  inches,  or  1.2445  cubic  feet 
aped  bushel  =  1%  struck  Dushels. 


SHIPPING  MBA5URB. 

100  cubic  feet  =  1  register  ton. 

{1  U.  S.  shipping  ton. 
81.16  Imperial  bushels. 
82.143  U.  S.  bushete. 
{1  British  shipping  ton. 
32.719  Imperial  bushels. 
83.75  U.  S.  bushels. 


IBASURES  OP  WBIOHT.-Avolrdupois  or  Comnercial  Walght. 

achms,  or  437.5  grains  =*  1  ounce,  oz. 

inces,  or  7,000  grains  =»  1  pound,  lb. 

mnds  =  1  quarter,  or. 

larters  ^  1  hundrea- weight,  cwt.  =  112  lbs. 

indred- weight  »  1  ton  ot  2240  pounds,  or  long  ton. 

rounds  =  1  net.  or  short  tout 
pounds  =>  1  metric  ton. 
ne  =  14  pounds.       1  quintal  =  100  pounds. 


TROY  WBiaMT. 

24  grains  »  1  pennsrweight,  dwt. 

20  penny weignts  =  1  ounce,  oz.  »  480  grainaJ 

12  ounces  =*  1  pound,  lb.  »  57^  grains. 


APOTHECARIES'  WEIGHT. 

20  grains  »  1  scruple. 

3  scruple  =  I  diiachm  =  60  grains. 

8  drachms  =»  1  ounce  =  480  grains. 
12  ounces  =  1  pound  =  5760  grains. 


CIRCULAR  MEASURE. 

60  seconds  "=1  minute '. 
60  minutes '  =  1  desree  ^. 
90  degrees  =  1  quadrant. 
860  degrees  =»  1  circumference. 


TIME. 

60  seconds  =  1  minute. 
60  minutes  =  1  hour. 
24  hours  =>  1  day. 
7  days  =  1  week. 
865  days,  5  hours,  48  minutes,  48  seconds  a  1  year. 


BOARD  MEASURE. 


number  of  feet,  board  measure  (B.  M.) »  length  in  feet  x  breadth  la 
feet  X  thickness  in  inches. 


S.  gallon=8.33  pounds.  1  cubic  foot  of  water  at  89.r>P=62.425  lbs. 
B:ilsh  gallon=10  i>ounds.  1  cubic  inch  of  water  at  89.PF=.096  lbs. 
>ic  foot  of  ice=57.2  pounds.      1  pound  of  .water=27,72  cubic  inches. 

1  ton  of  water=35.90  cubic  feet. 
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U.  S.  Measures  and  Weights 

Continued  • 

LONG  MEASURE.— MeMures  of  Lengthy 


12  inches  »  1  foot. 

3  feet,  or  80  inches  =  1  yard. 

55i  yards,  or  16Ji  feet  =  1  rod,  pole,  or  perch. 
40  rods,  or  220  yards  =  1  furlong. 

8  furlongs,  or  820  rods,  or  l,70Oyards  or  5,280  feet  =»  1  mile. 

3  miles  =»  1  league. 

Additional  Measures  of  Length. 

1,000  mils  =  1  inch.       4  inches  =  1  hand.       9  inches  =  1  span. , 
2yi  feet  =  1  military  pace.       2  yards  =  1  fathom. 


SQUARE  MEASURE.-Measuret  of  5urftee. 

144  square  inches,  or  183.35  circular  inches  =  1  square  foot. 
9  square  feet  =  1  square  yard. 

30K  square  yards,  or  2723<  square  feet  ■=  1  square  rod,  pole,  or  perch. 
160  square  rods  =  1  acre. 
(MO  acres  =  1  square  mile 

An  acre  equals  a  square  whose  side  is  208.71  feet. 

A  circular  inch  is  the  area  of  a  circle  1  inch  in  diameter  =»  0.785388  sq.  incbei 
1  square  inch  =  1.2732  circular  inches. 

A  circular  mil  Is  the  area  of  a  circle  1  mil  or  .001  in  diameter.     The  mil  is 
used  in  electrical  calculations. 


SOLID  OR  CUBIC  MEASURES.-MeMur«i  of  Votoine. 

1728  cubic  inches  —  1  cubic  foot. 
27  cubic  feet  =  1  cubic  yard. 

1  cord  of  wood  =  a  pile,  4x4x8  fee^  =  128  cubic  feet. 
1  perch  of  masonry  =  1654  x  1)4  z  1  foot  =  24K  cubic  feet. , 


LIQUID  MEASURE. 

4  gills  =  1  pint. 

2  pints  =  1  quart. 

A  «.,«.r*o  _  1  «oii<««  /  U.  S.  231  cubic  inches. 

4  quarts  «  1  gallon  |  gngu^  2n.274  cubic  inches.! 

3154  gallons  =  1  barrel. 
42  gallons  =»  1  tierce. 

2  barrels  or  63  gallons  »  1  hogshead. 
84  gallons  or  2  tierces  =  1  puncheon. 

2  hogshead  or  126  gallons  =  1  pipe  or  butt. 

2  pipes  or  3  punch^ns  =  1  tun. 

7  im  U.  S.  gallons  ^  1  cubic  foot. 

1  British  Imperial  gallon  =»  1.20032  U.  S.  gallons. 


APOTHECARIES'  FLUID  MEASURE. 

60  minims  =  1  fluid  drachm. 
8  drachms,  or  43754  grains,  or  1,732  cubic  inches  »  1  fluid  ounce. 


Water  is  at  its  greatest  density  at  39.2®?. 

Sea  water  Is  1.6  to  1.9  heavier  than  fresh  water. 

1  cubic  inch  of  water  makes  approximately  1  cnbic  foot  of  steam  at 
atmospheric  pressure. 

27222  cubic  feet  of  steam  at  atmospheric  pressure  welffhs  1  pound. 
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Wrought  Iron  Welded  Pipe  and  Pipe  Threads 

Britt*'  Standard 


A — Outside  diameter  of  perfect 
thread  or  actual  outside  diameter 

B~lnside  diameter  of  pipe. 
C— Root  diameter  of  thread  at 

D— Outside  diameter  of  tliread 
at  end. 

E— Length  of  perfect  thread^ 
PC4.8+O.8A) 
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length  of  taper  at  top. 

N— Number  of  threads  per  inch. 

P— Pitch  of  thread=i 
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Pipe  Tap  Dimensions 

Brig^'  Standard 
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Morse  Tapers 
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.148 
.134 
.120 
.109 
.095 
.083 
.072 
.065 
058 
.049 
.040 
.035 
.0315 
.0295 
.027 
.025 
.023 
.0205 
.01876 
.0165 
.155 
.01375 
.01225 
.01125 
.01025 
.0095 
.009 
.0075 
.0065 
.00575 
.005 
.0045 


.46875 

.4375 

.40025 

.375 

.34375 

.3125 

.28125 

.265625 

.25 

.234375 

.21875 

. 203125 

.1875 

.171875 

.15625 

.140625 

.125 

. 109375 

.09375 

.078125 

.0703125 

.0625 

.05625 

.05 

.04375 

.0375 

.034375 

.03125 

.028125 

.025 

.021875 

.01875 

.0171875 

.0156^ 

.0140625 

.0125 

.0109375 

.01015625 

.009375 

.00859375 

.0078125 

.00703125 

.006640625 

.00625 


(» 
0 
1 
2 

a 

4 
5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

U 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
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Twist  Drill 

Gauge  Sizes 

Ko.  Drill 

Decimal  SUm 

No.  DrUI 

DecUxuI  SlSM 

1 

.2280 

31 

.1200 

2 

.2210 

32 

.1160 

S 

.2180 

33 

.1130 

4 

.2090 

34 

.1110 

5 

.2055 

35 

.1100 

6 

.2040 

36 

.1065 

7 

.2010 

37 

.1040 

8 

.1990 

38 

.1015 

9 

.1960 

39 

.0995 

10 

.1935 

40 

.0980 

11 

.1910 

41 

.0960 

12 

.1890 

42 

.0935 

IS 

.1850 

43 

.0890 

14 

.1820 

44 

.0860 

15 

.1800 

45 

.0820 

16 

.1770 

46 

.0810 

17 

.1730 

47 

.0785 

18 

.1695 

48 

.0760 

19 

.1660 

49 

.0730 

20 

.1610 

50 

.0700 

21 

.1590 

51 

.0670 

22 

.1570 

52 

.0635 

23 

.1540 

53 

.0595 

24 

.1520 

54 

.0550 

25 

.1495 

55 

.0520 

26 

.1470 

56 

.0465 

27 

.1440 

57 

.0430 

28 

.1405 

58 

.0420 

29 

.1360 

59 

.0410 

30 

.1285 

60 

.0400 

Letter  Sizes 

A  .234 

H  .266 

0  .816 

U  .868 

B  .238 

I  .272 

P  .823 

V  .877 

C  .242 

J  .277 

Q  .882 

W  .886 

D  .246 

K  .281 

R  .889 

X  .887 

E  .250 

L  .290 

S  .848 

Y  .404 

F  .257 

M  .295 

T  .358 

Z  .418 

G  .261 

N  .302 
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Sizes  of  Drills  to  be  used  with.  V  Thread, 

Hand  and  Nut  Taps 


SIMM  Tap 

SiMotlMII 

SIM  of  Tip 

SIM  of  Mi 

JiXM 

A 

HX» 

H 

AX  18 

If 

1     X8 

H 

HX16 

H 

1HX7 

H 

AX  14 

H 

1KX7 

lA 

HX18 

II 

1HX« 

lA 

AXW 

H 

iHxe 

IH 

H-x.li 

/      H 

iHXs 

itt 

iJXll 

A 

IJiXS 

m 

JiXlO 

11 

1J<X4H 

IH 

a  X 10 

II 

«     X4H 

IH 

KX   9 

11 

Fonnula  for  finding    proper  size  of    Drills  for  all  pitdies  ol  V 
Threads: 

Example:  ^^XlOTap. 

1.400  -MO  =  .140— .750  =  .610.  size  of  Root  Diameter,  or  size  of  I>nD 
to  be  used. 

Note. — ^For  U.  S.  Standard  Threads  use  same  formula  except  use  V 
of  pitch  instead  of  1.4. 
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TABLE  or  XKKBT  WHEEL  SPEEDS. 


Bev.  per  Minute 

Hcv.  per  Minute 

Bev.  per  Minute 

Biam.  Wheel 

for 

Surface  Speed 

of  4,000  raL 

Hror 
Surface  Speed 
of6.0UUFeet, 

for 
Surface  Speed 
of  6.000  f^etT 

1  inch. 

isjno 

19,000 

22,918 

2     - 

7,689 

9,549 

IU4IS9 

3     '• 

^•SS 

6.866 

7,689 

4     " 

8,810 

4,775 

6.780 

5     »• 

8.066 

8.820 

4.684 

6     •• 

S,640 

8.188 

8.880 

7     *• 

S,I88 

2.728 

8.874 

8     " 

],9i0 

24187 

8J65 

10    *• 

1,628 

11,910 

I.288 

12     •* 

^'S? 

1.M3 

1,910 

u    •' 

1,001 

1,864 

1,687 

16     - 

MS 

1.194 

1,488 

18     " 

849 

1,061 

l.tI3 

30     " 

764 

955 

1,146 

22     •• 

604 

868 

1,018 

ti     •• 

637 

796 

966 

26     " 

686 

7:18 

879 

28      * 

546 

683 

819 

30     •• 

600 

687 

764 

33     •» 

iS 

686 

716 

34     " 

861 

674 

36     ** 

424 

681 

637 

38     »• 

402 

608 

603 

40     " 

388 

478 

na 

42      ** 

864 

466 

546 

44      •• 

847 

434 

621 

46     ** 

838 

415 

488 

48     •* 

818 

807 

iV 

50     •• 

806 

863 

468 

U     •• 

294 

860 

441 

M     - 

283 

854 

426 

66     »' 

878 

841 

410 

58     •• 

264 

880 

886 

60     •• 

2S6 

819 

888 

TBB    SPEED    or    DBIX.U. 

Clereland  Twiit  Drill  Co. 


Diam. 

of 
Drill. 


Speed 

for  Soft 

sccel. 


Speed 

for 

Iron. 


Brtfls. 


Diam. 

of 
Drill. 


Speed 

for  Soft 

SteeL 


Iron. 


"^ 


1,884 
912 
608 
466 


304 
260 


208 

182 
166 
158 

140 
180 
182 
114 


8,128 

1.064 

710 

631 

425 
365 

804 


136 

813 
194 

m 

164 
182 
148 
133 


3.648 
1,884 

i;eitt 

912 

730 
608 
620 
456 

405 


882 
3U4 

280 
800 
243 


108 

108 

96 

91 

J87 
88 
80 
76 

78 
70 
68 
63 

68 

60 
88 
57 


115 
118 
118 
106 

101 
97 


818 
808 
198 


174 


78 
76 

78 
71 
60 
67 


146 

im 

186 
130 

126 
188 
118 
114 
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Table  of  Allowances  for  Gr 

nd 

■>« 

Lentth     y 

6' 

9- 

12' 

15' 

18' 

24' 

30* 

36' 

-m;™- 

.010 

.010 

.010 

.010 

.015 

.015 

.015 

020 

020 

\ 

,010 

.010 

010 

.010 

015 

.015 

.015 

020 

O20 

I 

.010 

.010 

010 

.015 

.015 

.015 

.015 

020 

O20 

I'; 

.010 

.010 

.015 

.015 

.015 

.015 

.015 

020 

020 

I'j 

.010 

.015 

.015 

.015 

.015 

.015 

.020 

020 

020 

2 

.015 

-015 

-015 

.015 

.015 

.020 

020 

020 

020 

2K 

.015 

.015 

.01-5 

.015 

.020 

.020 

.020 

020 

O20 

2H 

.015 

,015 

-015 

.020 

.020 

0'20 

.020 

020 

025 

3 

.015 

015 

.020 

.020 

.020 

.020 

.020 

025 

025 

3}  2 

.„. 

.020 

.020 

.020 

.020 

.020 

.025 

025 

025 

4 

.020 

.020 

.irzo 

.020 

.020 

.025 

.025 

023 

025 

i'/i 

.020 

.0-20 

.ff^O 

.020 

.025 

-025 

,025 

02o 

0. 

5 

.020 

.020 

.020 

.025 

.025 

-025 

.025 

025 

030 

fi 

.050 

.020 

.025 

.025 

.025 

,025 

- 

030 

030 

7 

_020 

.025 

.025 

.025 

.025 

.025 

.030 

030 

030 

S 

_025 

.025 

.025 

.025 

- 

.030 

.030 

030 

030 

9 

.025 

.025 

.025 

.025 

.030 

-030 

.030 

030 

030 

10 

.025 

-025 

.025 

.030 

.030 

.030 

.030 

aio 

030 

11 

.025 

.025 

.030 

.030 

.030 

.030 

.030 

030 

03(3 

12 

.030 

.030 

-030 

.030 

-030 

,030 

.030 

030 

a30 

TElGm  m  POUNDS  OF  A  LINEAL  FOOT  OF.ROUND,  SQUARE 

AND  OCTAGON  STEEL 


e 

Size 

4 

Round 

,  Octagon 

Square 

in 

Round 

Octagon 

Square 

JtS 

Inches 

• 

.010 

.011 

.013 

2H 

16.79 

17.71 

21.37 

1 

.042 

.044 

.053 

2H 

18.51 

19.52 

23.56 

M 

.094 

.099 

.120 

2H 

20.31 

21.42 

25.86 

{ 

.168 

.177 

.214 

?K 

22.20 

23. 4t 

28.27 

l« 

.262 

.277 

.334 

3 

24.17 

25.50 

30.78 

1 

.378 

.398 

.491 

3H 

26.23 

27.66 

33.40 

i« 

.514 

.542 

.655 

3H 

28.37 

29.92 

36.12 

1 

.671 

.708 

.855 

Wa 

30.59 

32.27 

38.95 

l« 

.850 

.896 

1.082 

3H 

32.90 

34.70 

41.89 

\ 

1.049 

1.107 

1.336 

3^ 

35.29 

37.23 

44.94 

\% 

1.270 

1 .339 

1.616 

3« 

37.77 

39.84 

48.09 

{ 

1.511 

1,594 

1.924 

3K 

40.33 

42.54 

51.35 

M 

1.773 

1.870 

2.258 

4 

42.97 

45.33 

54.72 

f 
1 

2.056 

2.169 

2.618 

4K 

48.51 

51.17 

61.77 

.« 

2.361 

2.490 

3.006 

4>4 

54.39 

57.37 

69.25 

2.686 

2.833 

3.420 

^n 

60.60 

63.92 

77.16 

3.399 

3.585 

4.328 

5 

67.15 

70.83 

85.50 

4.197 

4.42.7 

5.344 

5>i 

.74.03 

78.08 

94.26 

5.078 

5.356 

6.466 

5K 

81.25 

85.70 

103.45 

6.044 

6.374 

7.695 

5^ 

88.80 

93 .67 

113.07 

7.093 

7.481 

9.031 

6 

96.6^ 

101.99 

123.12 

3.226 

8.674 

10.474 

7 

131.61 

138.82 

167.58 

9.443 

9.960 

12.023 

8 

171.90 

181.32 

218.88 

10.744 

11.332 

13.680 

9 

217.57 

229.48 

277.02 

12.129 

12.793 

15.443 

10 

268.60 

283.31 

342.00 

13.598 

14.343 

17.314 

11 

325.01 

342.80 

413.82 

15.151 

15.981 

19.291 

12 

386.79 

407.97 

492.48 

PROPORTIONATE  WEIGHT  OF  CASTINGS  TO  WEIGHT  OF 

WOOD  PATTERNS 


Pattern*  Weighing  One 

Pou>^D,  Made  op 
s  Weight  o£  Core  Prints) 

Cast 
Iron 

Brass 

Coppci 

Bronze 

Bell 
Metal 

Zinc 

or  Fir.,.  ..■ 

h 

16 

9. 

9.7 
13.4 
10.2 
10.6 
12.8 
11.7 

0.85 

15.8 
10.1 

ro.9 

15.1 
11.5 
11.9 
14.3 
13.2 
0.95 

16.7 
10.4 
11.4 
16.7 
11.9 
12.3 
U.0 
13  7 
0.99 

16.3 
10  3 
11.3 
15.5 
11.8 
12.2 
14.7 
13  5 
0  98 

17.1 
10.9 
11.9 
16.3 
12  4 
12.9 
15.5 
14.2 

i.o 

13.5 
8.6 
9.1 

en 

12.9 

9.8 

1. . . , , 

10.2 

» 

12.2 

Mranv r.  i.^........... 

11.2 

'••"7 ..•.^►. ........ 

t ....«.*.. 

0.81 
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AILOVARCES  FOR  HIS  IN  AUTOMOBILE  OQNSTRUCnON 

Fits  in  automobile  oonstmction  can  be  divided  into. 

PoRcs  Fits. 

To  be  used  in  parts  where  disassembling  will  Hardly  be  reqtxired.  and  vhk 
assembled  by  means  of  hydraulic  or  screw  presses,  or  when  hot. 

Driving  Fits. 

To  be  used  in  parts  where  close  adherence  is  required,  but  which  must  be  a 
bled  and  disassembled  with  no  other  help  than  an  ordinary  hammer;  such  a 
wheels,  gear  wheeb,  ball>beanng  inner  races.'  etc. 

Push  Fits. 

To  be  used  in  parts  without*  relative  motion  in  actual  work  but  which 
have  sufficient  freedom  to  be  assembled  by  hand;  such  as  bolts,  slip  joints, 
bearing  outer  races,  etc. 

Running  Fits. 

To  be  used  in  parts  possessed  of  relative  motion  in  normal  running:  thes 
be  subdivided  into, 

Easy  Fits;  where  great  freedom  of  runnine  is  required  with  possibibty  of 
fubrication,  such  as  valve  guides,  control  connections,  dutch  shafts,  etc. 

Close  Fits  ;  to  be  used  in  all  high-speed  work  and  espedaUy  the  engine  sod 
mission. 

Fine  Fits  ;  to  be  used  in  parts  where  great  accuracy  is  required  or  where, 
the  motion  is  slight  the  stresses  are  of  an  alternating  or  vibratory  natun 
as  connecting  rod  small  ends,  steering  connections  etc.;  efficient  lubri 
must  be  provided  if  the  motion  is  frequently  recurring. 

Fit  AUowances 

In  the  allowances  given  in  the  following  the  expansion  of  metals  when  of  di 
nature  or  exposed  to  heat  in  a  different  degree,  such  as  is  the  case  in  some  parts  o( 
construction,  has  not  been  taken  into  account. 

Allowance  Ovbr  Nominal  Diameter  for  Force  Fits 

Nominal  diameter i*  1'  2* 

Maximum       "         0 .  50100         1  00200         2  00400        3 

Minimum       "        ...>. 0.50050         1.00150         2.00300        3 

Allowance  Over  Nominal.  Diameter  por  Driving  Fits 

Nominal  diameter i*  1*  2* 

Maximum  0.50050    •     1.00100         100125         1 

Minimum        "        0.50025         1.00075         1.00100        1 

Allowance  Below  Nominal  Diameter  for  Push  Fits 

Nominal  diameter J*  l'  2' 

Maximum. 0.49975     0.99950  1.99900  2 

Minimum    .    "    '     0.49925     0.99900  1.99850  2 

Allowance  Below  Nominal  Diameter  for  Running  Fits 

easy  fits 

Nominal  diameter r .  i*  1'  2* 

Maximum       " 0.49900  0.99875  1.99825         2 

Minimum        " » 0.49800  0.99725  1.99650         : 

close  fits 

Nominal  diameter J*  l'  2* 

Maximum  0.59925  0.99900  1   99875         : 

Minimum        - 0.59875  0.99800  1.99750         : 

-     fine  fits 

Nominal  diameter • , h"  1'  2* 

Maximum       "         «     0.59950         0.99925  1.99925 

Minimum        "         0.59925         0.99875  1.99850 

For  intermediate  dimensions  comparison  between  the  size  immediately  below  a 
immediately  above  will  give  the  safe  allowances  in  each  case. 
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FORHULA  FOR  CALCULATING  LENGTH  OF  CHAIR 

(DIAMOND  CHAIN  AND  IIFO.  00.) 


(All  Dimentioiig  in  Incbei) 


E>iftAiica  between  oenten. 

DitUnoe  between  limits  of  contact. 

Pitch  ndiut  of  large  sprocket. 

itch  radius  of  small  sprocket. 

No.  of  teeth  on  large  sprocket. 

lo.  of  teeth  on  small  sprocket. 

Pitch  of  chain  and  sprockets. 

h  s  «  «  Angle  of  contact — large  sprocket. 

I-  s  «c  *  Angle  of  contact — small  sprocket. 


«e  -5ffi  j> 

A^  D  Cos  fc 


length  of  chain 


180 -f-s  00 


180  *  s  oe 


L  »  360        N  P      -4-360 


iiP-HsDCa9« 
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Engine  Lathe  Gearing  for  Cutting  Threads  1 

Refer  to  the  screw  cutting  table  and  see  what  number  of  ttims  to  sn  M  J 
is  cut  with  equal  gears.  This  number  is  the  number  of  turns  to  an  iodi  tW  1 
we  assume  the  lead  screw  has,  no  matter  what  its  real  number  of  lomttsa  I 
inch  is.  I 

Simple  Gearing.  1 

Write  the  number  of  turns  to  an  inch  of  the  lead  screw  above  a.  llM.a^  \ 
the  number  of  turns  to  ao  inch'  of  the  screw  to  be  threaded  below  the  line.  ttM  ,\ 
expressing  the  ratio  in  the  form  of  a  fraction,  the  lead  screw  being  the  aMMF  -J 
ator  and  screw  to  be  threaded  the  denominator.  ^  Now  find  an  equal  frKliBB  I 
in  terms  that  represent  numbers  of  teeth  in  available  gears.  The  nmaenttr 
of  this  new  fraction  will  be  the  spindle  or  stud  gear  and  the  denominator tbr  ' 
lead  screw  gear.  The  new  fraction  is  usually  found  by  multiplying  the  bob*  | 
erator  and  denominatar  of  the  first  fraction  by  the  same  number.  { 

Example— Required  to  cut.a  screw  haxnng  11  %  threads  per  inch.  We fifli 
cm  the  index  that  48  to  48  cuts  4  threads  per  inch  then  JLx_?_=-^ 

Put  the  24  tooth  eear  on  the  stud  and  the  W  tooth  gear  on  the  lead  sanrto 
cut  11^  threads  per  Inch.  ' 

Any  multiplier  may  be  used  to  obtain  gears  that  are  available. 

Compound  Geario^.  ' 

Write  the  number  of  turns  to  an  inch  of  the  lead  acrew  as  the  nnmeraMr 
of  a  fraction  and  the  turns  of  the  screw  to  be  threaded  as  the  denomiiutor. 

Factor  this  fractioq  into  an  equal  compound  fraction. 

Change  the  terms  of  this  compound  fraction  either,  by  multiplyiaf  or 
dividing  into  another  equal  compound  fraction  whose  terms  represent  Bfl» 
bers  of  teeth  in  available  gears. 

Then  the  two  terms  in  the  numerator  represent  the  number  of  teeth  in  the 
gears  to  be  used  as  drivers  and  those  in  the  denominator  the  gears  to  be  laed 
as  driven  gears. 

Example— Required  to  cut  a  screw  having  3;^  inches  lead  or  i^  turns  tott 
inch.    lycad  screw  is  IJ^  inches  lead  or  %  turns  to  an  inch. 

2  .     4  2x13 2x18 

3  •     13        »x4       1x13 

Multiply  numerator  and  demoninator  by  6.    .  ^  ....^  „ — _  ^_ 

1  X  (12  X  5)       1  X  60 

Multiply  numerator  and  denominator  bv  24.     rgj — rj — SA==-aT 


(24x1)  x60       24x6D 

The  4$  tooth  and  65  tooth  gears  will  be  the  drivers  and  the  91  tooth  and  61 
tooth  gears  the  driven. 

Any  multiplier  may  be  used  to  obtain  gears  that  are  available. 


HOW  TO   USE  OHABT  OF   GEAR  BATIOSy  TIRE   SIZES  A 
OBANKSHAFT   BEVOLUTIONS   PER  MUTOTE 

Given  the  miles  per  hour,  gear  ratio,  and  tire  sizes  and 
revolutions  of  a  eranksliaft  per  minute:  For  illustration,  sup 
the  car  is  traveling  at  80  miles  per  hour  with  34-inch  tires  aj 
gear  ratio  of  1.5  to  1.  From  the  figure  80  move  right  to  the  ii 
section  of  the  gear  ratio  line  designed  as  1.5.  From  this  point  i 
up  to  the  diagonal  of  34  inches.     From  this  point  move  rig! 
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jtzvoLi/nwa 


gin  where  the  revolutions  of  the  crankshaft  speed  per  min- 
ihown  j  1,200  in  this  case.    Given  the  crankshaft  revolutions 

ute,  the  tire  diameters  and  miles  per  hour,  find  the  gear 
Supposing  the  motor  is  turning  over  at  1,000  revolutions 
tite,  that  42-inch  tires  are  used,  and  the  car  is  traveling  at 

per  hour.  Go  left  from  the  1,000  on  the  right  margin  until 
rsection  of  the  42-inch  tire-size  line.  From  this  point  go 
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up  to  the  intersection  of  the  SO-mile-per-hour  horizontal  lini 
intersection  of  this  line  also  cuts  the  gear  ratio  of  2.7  line,  n 
the  gear  ratio  employed. 

Given  crankshaft  revolutions  per  minute,  size  of  tires  ai 
ratio,  in  order  to  find  miles  per  hour,  proceed  as  follows: 
from  crankshaft  speed — say  1,000  revolutions  per  minute- 
size — say  28-ineh.  From  this  point  go  up  or  down  to  intei 
of  gear  ratio  line — ^say  1.5.  Then  go  left  to  55  miles  per  ho 
we  have  given  crankshaft  speed  in  revolutions  per  minute 
per  hour  and  gear  ratio,  the  tire  sizes  may  be  obtained  by 
left  from  crankshaft  speed  to  the  intersection  of  the  gear  rat 
and  thence  up  or  down  to  the  miles  per  hour,  which  point  wil 
the  intersection  of  the  required  tire  diameter. 


COMPARATIVE  SCALE  -^  FahrcnlMit  &  Cendgnide  ThermoiiM 

IN  eCNT|«K« 


««o 


TEMPERATURE  CONVERSION  PACTORS 


Ummmmt  tkatmtmtHmt . 


aia 

too 

so 


1 


"tux*  ■. 


XA  —  QSSLJ 
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□E  PER  IBLB  EXPSBS8ED  IH  MILES  PBR  HOUR 


6  for 

Time  for 

Time  for 

mile 

MUes 

one  mile 

Miles 

one 

mile 

Miles 

.Sec 

i 

Per  hour 

Mm..Sec. 

1 
1 

Per  hour 

Miii.8ec 

1 

Perboux 

36 

100.00 

1         12 

50.00 

47 

33.64 

37 

la 

97.30 

1         13 

■■ 

49.31 

48 

■■ 

33.33 

38 

la 

94.74 

1         14 

la 

48.65 

1 1 

49 

■■ 

33.03 

39 

■■ 

92.31 

1         15 

la 

48.00 

50 

^ 

32.72 

40 

la 

90.00 

1         16 

■■ 

47.37 

51 

■■ 

32.43 

41 

la 

87.80 

1         17 

■■ 

46.75 

52 

^ 

32.14 

42 

la 

85.71 

1         18 

la 

46.15 

53 

^ 

31.86 

43 

la 

83.72 

1         19 

■■ 

45.57 

54 

^ 

31.58 

44 

■■ 

81.82 

1         20 

M 

45.00 

55 

^ 

31.30 

AS 

tm 

80.00 

1         21 

■■ 

44.44 

56 

■■ 

31.03 

46 

^ 

78.26 

1         22 

^ 

43.90 

57 

■■ 

30.77 

47 

tm 

76.60 

1         23 

■■ 

43.37 

58 

la 

30.50 

48 

tm 

75.00 

1         24 

^ 

4'».36 

59 

■■ 

30.25 

49 

■■ 

73.47 

1         25 

^ 

42.35 

0 

■i 

30.00 

50 

tm 

72.00 

1         26 

la 

41.86 

3 

■■ 

29.26 

SI 

■■ 

70.59 

1        27 

■■ 

41.  ?8 

6 

■■ 

28.57 

52 

la 

69.23 

1         28 

la 

40.91 

9 

^. 

27.90 

53 

■■ 

67.92 

1         28 

ai 

40.91 

9 

■■ 

27.90 

54 

tm 

66.67 

.    1         29 

fc^^ 

40.45 

12 

■■ 

27.27 

55 

la 

65*45 

1         30 

'■■ 

40.00 

15 

■■ 

26.66 

56 

M 

64.29 

1         31 

ai 

39.56 

18 

■■ 

26.08 

57 

la 

63.16 

1         32 

■■ 

39.13 

21 

Mi 

25.53 

58 

■■ 

62.07 

1         33 

ai 

38.71 

24 

«B 

25.00 

59 

^ 

61.02 

1         34 

ai 

38.30 

27 

Mi 

24.49 

0 

■« 

60.00 

1         35 

■■ 

37.89 

30 

Hi 

24.00 

1 

la 

59.02 

1         36 

■■ 

37.50 

33 

Hi 

23.53 

2 

la 

58.06 

1         37 

■■ 

37.11 

36 

■■ 

23.07 

3 

■« 

57.14 

1         38 

■■ 

36.73 

39 

_    ■■ 

22.64 

4 

^ 

56.25 

1         39 

■■ 

36.36 

42 

'   ■■ 

22.22 

5 

^ 

55.38 

1         40 

■■ 

36.00 

It 

45 

■■ 

21.81 

6 

■■ 

54.55 

1         41 

ai 

35.64 

48 

IV 

21.42 

7 

■■ 

53.73 

1         42 

■■ 

35.29 

51 

Mi 

21.05 

S 

■■ 

52.94 

1         43 

■■ 

34.95 

54 

IM 

20.69 

9 

tm 

52.17 

1         44 

la 

34.61 

0 

Hi 

20.00 

10 

^ 

51.42 

1         45 

■■ 

34.28 

11 

50.70 

1         46 

_2 

33.96 

•  • 

•  a  a 

«  «  a  • 

•  •  •  • 

EN6USH  AND  METRIC  SPEED  BQUIVALEHTS 

To  obtain  velocity  in  feet  per  second  multiply  the  ipeed  in  miles  per 

r  by  1.466+ 

Velocity  ft.  per  see. -"Miles  per  hour  x  1.466+ 

One  mue  per  hour— 1.466  ft.  per  second -"88  ft.  per  miiiote«> 0.447 

BTS  per  second  ■■26.8  metres  i>er  minute. 

I  Km.  per  hour** 0.914  metres  per  second  ■■54.9  ft.  per  minute>" 0.624 

per  hour. 
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_DIS!£CTiaaFoaU3n«H0E£EPCNra!.CHA£T  _ 

1 3TWKE  AT  LETTOf  LCWEBaiAS.TAN!) 


KOOnOilKBiaiaDO 


ROXIHATE  HORSEPOWER  OF  FOtJR-CYCLE  AUTOHOBILE  ENGINES' 
Table  of  Ginitanli  for  VanabU  Speeds  ind  Stroka 


RSVOLUTIONS    PER    MlNUIB    OF    MoiOK 

bm. 

jao 

JS= 

.^ 

65= 

f« 

75" 

Soa 

«5» 

900 

fli" 

c»o 

1.050 

,,... 

','50 

.,.00 

r- 

=  89 

■134 

-.56 
161 

.178 
.1K9 

•"J 

.«4 

.1]S 

.68 

,05a 

.147 
,158 
.'73 
.184 
.196 
.108 

"45 

19, 

..46 
.16a 

-17J 

.a4o 
.166 

.116 

-'45 

'74 

-.88 
.>l3 
.146 

.3>8 

■J48 

.'56 
.187 
.318 

.519 
.iSo 

369 

37J 

'34 
>Si 
'6; 
.1S4 

•34 

.16B 
.i8s 

335 

iSi 
368 
385 

14> 

.160 

.196 
■103 

■'53 
.1B9 

.,6s 

.184 

.360 
-379 
.398 

4S5 

.341 
-361 
.jS, 

461 
48' 

-16, 

■533 

,196 

.360 
38' 

4»3 

46  s 
4S6 
JOB 

.78 

>4'5 

,6, 
>B9 
JIl 

3S6 
373 

445 

4fi; 

489 

5" 
Jji 

..Sj 

.S56 
.S79 

.396 
•419 
.466 
.490 

■HI 

.416 

.466 
.491 

.564 

■S?9 

.13' 

15  J 

.3-a 

■359 
.385 

.436 
,461 
.4B6 

S" 
-S38 
.561 
.589 
.6.5 

141 

37S 

48s 

5°9 
536 
5*3 

»43 

Nm 

8,-«. 

>.*• 

4,» 

■.■I- 

5-06 

iV 

«->I 

••TJ 

TSS 

tM 

9.00 

t<*s 

.0.(4 

»•» 

i*.>S 

MS 

i«.o$ 

(■■S 

II.OS 

l-5» 

t'tS 

>»-K 

l-ff 

■J.M 

(••I 

»7-5» 

l-S» 

JO.ta 

t-7S 

3J.OI 

!•*-■ 

.  i«*^ 

E««mplB  >— Find  kpprexinuta  bonepovar  davdoped  by 
motor  bkving  4.1s'  bora  uid  5*  Mralu.at  Ses  nroluUoiu 
per  mihul*. 

Under  4.1J  boia  we  Snd  18,95. 

At  .faiterMCtiiMi  of  5'  etroka  line  uid  >»  R.PJI.  column 
fai  upper  table  wa  Snd  .jsj. 

Tb*   woduct   oi    tbeea  numben   pvee    the  'bonapower. 


Approximi 


lonepower— iB.e5X.JjT-'4S    H.P. 


^aissaKsssas."  — >- 


Two-cycle  BnginM 

D  "■  Diameter  of  cylinder  in  inches,    L  —  Stroke  of  piston  in  inches. 
lutions  per  minute  of  crank  shaft,     n  ->  Number  of  cylinders. 


J 


Authority  for  Formula 

Factors  Used 

,             =^ 

Constant  or  Dtveoi 

Roberts.     Gas. 

D^  XL  X  RXH 

14000 

Roberts.     Gasoline. 

D*X  L  X  R  Xn 

IJSW 

American    Power     Boat    Asso- 
ciation.* 

D'Xn 

.65 

■                  ■■  2  .lOoS 

7^54 

Same  for  less  than  6  finches 
stroke. 

D^XLXn 

la 

X    .8$ 

^-li  .917 

X     78U 

*The  above  are  for  automobile  racing  boat  engines:  for  others  the  rating  is  ti 
as  two-thirds  of  the  above  formulas.  For  en^nes  having  a  displacer  cyUadu 
cylinders  the  above  rating  is  increased  in  the  ratio  that  the  displacer  piston's di^ 
ment  bears  to  that  of  the  working  cylinders. 


niDICATED  HORSEPOWER 


On  account  of  tfle  great  difficulty  of  securinjg  good  indicator  cards  at  the  highiii 
and  rotative  speeds  of  automobile  motors  this  is  very  little  employed.  The  msaof 
which  is  employed  for  obtaining  cards  or  diagrams  ffom  high-speed  motors,  as  a  Eci 
thing  does  not  have  an  equal  pressure  scale  and  therefore  does  not  readily  lead  1 
to  the  accurate  determination  of  I.  H.  P. 

The  indicated  H.  P.  may  of  course  be  determined  approximately  by  assuxni 
certain  mechanical  efficiency  for  the  motor  under  consideration.     This  varies 
as  high  as  90  per  cent,  in  some  cases  to  lower  than  70  per  cent,  in  others;  the  avi 
would  probably  be  not  far  from  80  per  cent. 

The  fomfUla  for  I.  H.  P.,  the. bore  and  stroke  being  known  as  well  as  the  It  I 
and  the  mean  effective  pressure,  is, 

D*  X  L  X  R.P.M.  Xn  X  M.  E.  P.  -  /.  H.  P.  (for  4-cyde). 


33,000.  X  X3  X  a 

.7854 


D*XLxn  xM.E.P. 


This  constant  equals  550,000  and  the  formida  becomes 

S  50.000. 

The  constant  for  3 -cycle  is  275^000. 

A  formula  which  is  given  by  Grover  for  the  mean  effective  pressure,  the  compn 
being  known,  is  as  follows: 

M.  £.  P.  -  aC  -  o  .oi  C» 

C  —  Compression  pressure  above  atmosphere  in  jpoimds  per  square  indi. 

This  formula  does  not  hold  good  for  compression  pressures  over  xoo  poaad: 
souare  inch  above  atmosphere.  Comparatively  recent  data^  seems  to  prove  the  reHal 
ot  this  formula,  also  the  fact,  which  Grover  points  out,  that  under' favorable 
ditions.  the  values  given  by  this  formula  may  be  slightly  exceeded.  Tests  with  b 
pressures  than  100  pounds  show  that  the  M.  E.  P.  tends  to  remain  at  xoo  pounds 
square  inch. 

The  compression  pressure  may  be  obtained  by  some  form  of  gauge,  the  ifi 
for  that  cylinder  being  cut  off.  or  in  case  the  volume  of  the  explosion  chamber  is  IQ 
it  may  be  obtained  from  the  formula. 

PV**  -»  Constant.     P  being  the  absolute  pressure. 

V  being  taken  in  the  one  case  as  the  volume  of  the  combustion  chamber  and  i 
other  as  the  above  plus  the  piston  displacement.  P  being  in  one  case  atxnoc|i 
pressure  and  in  the  other  the  absolute  compression  pressure.  Of  oous«e  for  C  inGn 
formula  the  assumed  atmospheric  pressure  should  be  subtracted  from  tht  ftnl 
tained  by  this  formula. 
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COMPRESSION  PRBSSURB  WITH  DIFFBRBRT 
CYLIIIDER  CLEARANCES 


Cylinder 

Qearanoe, 

in  Per  Cent. 

of  Piston 

Mechanical 

Compression 

Ratio 

Compression    Pressure, 

Pounos  per  Square  'Inch 

Absolute 

Dis- 

place- 
ment 

Low 

• 

Medium 

High 

20 

6. 

100 

130 

154 

21 

5.76 

95 

125 

145 

22 

5.55 

91 

120 

138 

23 

5.35 

87 

115 

132 

24 

5.17 

83 

110 

126 

25 

5. 

80 

105 

121 

26 

4.85 

77 

101 

116 

27 

4.70 

74 

97 

111 

28 

4.57 

71J 

94 

107 

29 

4.45 

69 

90 

103 

30 

4.33 

67 

87 

99 

31 

4.23 

65 

84 

96 

32 

4.125 

63 

81i 

93 

33 

4.03 

61J 

79 

91 

34 

3.94 

60 

77 

88 

35 

3.86 

58 

75 

85 

36 

3.78 

56i 

73 

83 

37 

3.70 

55 

71 

81 

38 

3. -63 

54 

69 

79 

39 

3.56 

53 

67J 

77 

40 

3.5 

52 

66 

75 

Computed  by  Cecil  P.  Poole. 
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■EASUREHENI  OF  (GRADES 


/ 


K^ 


^ 


^ 


•if^- 


.<^ 


^ 


.y 


A. 


.hL 


XOOOfMt 


nXUSTRATQIG  JIBXHOD  OP^CALCULAHHO.QKADB  PBSCSBTAGB8 

If  it  be  asisumed  that  the  base  of  the  triangle  represents  a  line  i,ooo  | 
long  and  that  the  first  sloping  line  represents  a  road  having  a  rise  that  bii 
it  50  feet  above  the  starting  point,  this  is  figtired  as  %o  feet  in  a  thoosa 
or  5  per  cent.  In  other  words,  one  foot  of  rise  for  every  20  feet,  but 
latter  instance  does  not  mean  distance  actxially  traveled  by  a  car  in  ascend 
such  a  slope,  but  distance  measured  horizontally  with  reference  to  t 
slope.  The  grade  is  measured  by  the  tangent  of  the  angle  of  indinai 
and  not  by  its  sine,  so  that  a  grade  which  represents  100  per  cent  co 
sponds  to  an  angle  of  inclination  of  but  45  <fegrees,  and  not  90  degrees 
perpendioilar,  as  is  commonly  supposed.  At  the  upper  end  of  tiie  l 
sloping  line  the  elevation  would  amoxmt  to  66f  feet,  which  is  equivalent  1 
rise  of  one  foot  for  every  63  feet  traveled  horizontally.  So  one  in  tluree  00 
sponds  to  a  33  1-3  per  cent,  grade,  one  in  two  to  a  50  per  oent.  grade,  aiK 
on  until  a  100  per  cent,  grade  is  reached,  which,  as  noted,  is  the  equivaki 
a  45  degree  angle,' 
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TABLE  OF  GRADIENTS 


ORADB 

\ 

Rise  or  Pell 

Equal  to 
Angle  of 

in  One  Mile. 

Feet 

Per  Gent 

Units 

ao 

1  in    5 

1 x«       19' 

1056 

«? 

1*6 

9*       a6' 

880 

14 

I  "     7 

8»      09' 

754 

ia.5 

I   •     8 

7»      08' 

«35 

11 

1   "     9 

6»       if 

586 

tc 

I    •   lO 

5*       43' 

5a8 

9 

X    •   IX        ■ 

5*          XX' 

480 

ft 

X  -  la 

4*       46' 

440 

7-75 

1   -  13 

4*       a4' 

406 

7 

I   -  14 

4*       05' 

337 

6-5 

1  -  'S 

3**       49' 

35» 

6.a5 

1   -  i6« 

3**       35' 

330 

6 

1  -  17 

3*       aa' 

3x0 

S-5 

I  *  x8 

3*       11' 

«93 

5 

1   -  19 

3*       00' 

«77 

5 

I     -    20 

a*       5a' 

ao4 

4 

1   -  as 

«•       x8' 

sx8 

33 

1   -  30 

X*       55' 

155 

t.^ 

1   -  35 

x'       38' 

151 

a.5 

I   -  40 

I*       a6' 

13s 
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ing  Main  Bearings 271 

ing  Silent  Chains 320 
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Carbon-Monoxide  Gas  Dangerous  .... 
Carbon  Removal,  Alcohol  for  .... 
Carbon   Removal,  Burning  Out      .... 

Carbon  Removal,  By  Liquids 

Carboy   Holder 
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Carburetor  Installation 
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Carburetor,   Schebler   Model    E 

Carburetor  Troubles 
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AUTOMOBILES  AND  MOTORCYCLES 

^m  Gasoline  Automobile— Its  Design,  Construction,  and  Opera- 
,  1918  Edition.    By  Victor  W.  Pagj^,  M.SA.E. 

is  the  most  complete,  practical  and  up-to-date  treatise  on  gasoline  automobites  and  their 
oncnt  parts  ever  published.  In  the  new  revised  and  enlarged  1918  edition,  all  phases  of 
iiobile  construction,  operation  and  maintenance  are  fully  and  completely  described,  and 
(((uagc  anyone  can  understand.  Every  part  of  all  types  of  automobiles,  from  light  cycle- 
to  heavy  motor  trucks  and  tractors,  are  described  in  a  thorough  manner,  not  only 
itomobile,  but  every  item  of  it;  equipment,  accessories,  tools  needed,  supplies  and  spare 
necessary  for  its  upkeep,  are  fully  discussed. 

learly  and  concisely  written  by  an  expert  familiar  with  every  branch  of  the  automobile  indu^ry 
le  originator  of  the  practical  system  of  self-education  on  technical  subjects.     It  is  a  liberal  edur 

in  the  automobile  art,  useful  to  all  who  motor  for  either  business  or  pleasure. 
DC  reading  the  incomparable  treatise  is  in  touch  with  all  im]p>rovements  that  have  been 
in  motor-car  construction.  All  latest  developments,  such  as  high  si>eed  aluminum  motors 
nultiple  valve  and  sleeve-valve  engines,  are  considered  in  detail.  The  latest  ignition, 
retor  and  lubrication  practice  is  outlined.  New  forms  of  change  speed  gears,  and  final 
-  tran.smiKion  systems,  and  all  latest  chassis  improvements  are  shown  and  described, 
book  is  used  in  all  leading  automobile  schools  and  is  conceded  to  be  the  Standabd 
TI8E.     The  chapter  on  Starting  and  Lighting  Systems  has  been  greatly  enlarged,  and 

automobile  engineering  features  that  have  long  puzzled  laymen  are  explained  so  clearly 
the  underlying  principles  can  be  imderstood  by  anyone.  This  book  was  first  published 
tars  ago  and  so  much  new  matter  has  been  added  that  it  is  nearly  twice  its  ori^nal  size. 
)nly  treatise  covering  various  forms  of  war  automobiles  and  recent  developments  m  motor- 
design  as  well  as  pleasure  cars.  This  book  is  ntH  too  technical  for  the  layman  nor  too  elementary 
z  more  expert.  It  is  an  incomparable  work  of  reference  for  home  or  school.  1,000  6x9  pages, 
i  1,000  illustrations,  12  folding  plates.     Cloth  bound.     Price $3.0(1 

WHAT  IS  SAID  OF  THIS  BOOK: 

t  the  best  book  on  the  Automobile  seen  up  to  date." — ^J.  H.  Pile,  Associate  Editor  Auto~ 

e  Trade  Journal. 

ry  Automobile  Owner  has  use  for  a  book  of  this  character." — The  Tradesman. 

i  book  is  superior  to  any  treatise  heretofore  published  on  the  subject." — The  Inventive  Age, 

know  of  no  otber  volume  that  is  so  complete  in  all  its  departments,  and  in  which  the  wide 

j{  automobile  construction  with  its  mechanical  intricacies  is  so  plainly  handled,  both  in 

!xt  and  in  the  matter  of  illustrations." — The  Motorist. 

book  is  very  thorough,  a  careful  examination  failing  to  disclose  any  point  in  connection 
the  automobile,  its  care  and  repair,  to  have  been  overlooked." — Iron  Age. 

PtLgf.  has  done  a  great  work,  and  benefit  to  the  Automobile  Field." — W.  C.  Hasford, 
Y.  M.  C.  A.  Automobile  School.  Boston,  Mass. 

I  ju9t  the  kind  of  a  book  a  motorist  needs  if  he  wants  to  understand  his  car." — American 
herman. 


.  1- 


1  T  Ford  Car,  Its  Construction,  Operation  and  Repair.    By  Victob 
»AGfi,  M.S.A.E. 

is  a  complete  instruction  book.  All  parts  of  the  Ford  Model  T  Car  arc  described  and 
■ated:  the  construction  is  fully  described  and  operating  principles  made  clear  to  everyone. 
;  Ford  ownrr  needs  this  practical  book.  You  don't  have  to  guess  about  the  construction 
lero  the  trouble  i.s,  a.H  it  shows  how  to  take  all  parts  apart  and  how  to  locate  and  fix  all 
Th<*  writtT,  Mr.  PvlkO,  has  operated  a  Ford  car  for  many  years  and  writes  from  actual 
lodjie.  .-Vnioni?  the  contents  are:  1.  The  Ford  Car:  Its  Parts  and  Their  Functions. 
le  Engine  and  Auxiliary  Groups.  How  the  Engine  Works — The  Fuel  Supply  System— 
^'arhurotor — Making  the  Ignition  Spark — Cooling  and  Lubrication.  .3.  Details  of  Chassis. 
ge  SpcfMl  Gear — Power  Transmission — Differential  Gear  Action — Steering  Gear — Front 
—Frame  and  Springs — Brakes.  4.  How  to  Drive  and  Care  for  the  Ford.  The  Control 
m  Ex[)lainpd — Starting  the  Motor — Dpving  the  Car — Locating  Roadside  Troubles- 
Repairs — Oiling  the  Chassis — Winter  Care  of  Car.  5.  Systematic  Ix>cation  of  Troubles 
Remedies.  Faults  in  Engine — Faults  in  Carburetor — Ignition  Troubles— Cooling  and 
cation  'f^ystem  Defects — Adjustment  of  Transmiasvon  G«ai— G^qrx^V  CViASKOk  \Jj^*ks?^, 
strationa,  300  pages,  2  large  folding  platCA.     Pnca 
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Starting,  Ltghtlng  and  Ignition  Systems.    By  Victob  W.  Pag£,  M.E. 

This  pimctiGal  volume  baa  been  written  with  special  reference  to  the  requirements  of  the  noa- 
fchniod  reader  desiring  easily  understood,  explanatory  matter,  relating  to  ail  types  of  auto- 
mobile ignition,  starting  and  lighting  systems.  It  can  be  undei stood  by  anyone,  even  without 
eleeUteaT  knowledge,  because  elementary  electrical  principles  are  considered  before  any  at- 
tempt is  made  to  discuss  features  of  the  various  systems.  These  basic  principles  are  clearly 
■tatod  and  illustrated  with  simple  diagrams.  All  the  leading  aytteme  of  starting,  lighting  and 
have  been  deecribed  and  illuetrated  with  the  c(hoperation  of  the  experts  employed  by  the 


tmanufacturere.  Wiring  diagrams  are  shown  in  both  technical  and  non-technical  forms.  All 
■(ymbols  are  fully  explained.  It  is  a  comprehensive  re\'iew  of  modern  starting  and  ignition 
■amtem  practice,  and  mdudes  a  complete  exposition  of  storage  battery  construction,  care  and 
rapair.  All  types  of  starting  motora,  generators,  magnetos,  and  all  ignition  or  lighting  system- 
unita  are  fully  explained.  Every  person  in  the  automobile  business  needs  this  volume.  Among 
■ome  of  the  subjects  treated  are:  I. — Elementary  Electricity;  Current  Production;  Flow; 
Circuits:  Measurements;  Definitions;  Magnetism;  Battery  Action  ;Genfrator  Action.  II  —Battery 
Ignition  Systems.  111. — Magneto  Ignition  Systems.  iV. — Elementary  Lxncxtiiion  of  Starting 
System  Principles.  V. — Typical  Starting  ana  Lighting  Systems;  Practical  Application:  Wiring 
I>iaicrams;Auto-lite.  Bijur,  Dclco,  Dyneto-EnU,  Gray  and  Davis.  Hemy,  U.  S.  L..  Westinghouse, 
Bosch-Rushmore,  Genemotor,  North-East.  etc.  VI. — Ix>cating  and  Repairing  Troubles  in  Start- 
ing  and  Lighting  Systems.  VII. — Auxiliary.  Electric  Systems;  Gear-shifting  by  Electricity; 
Warning  Signals;  Electric  Brake;  Ents-Transmission,  Wagner-Saxon  Circuits,  Wagner- 
Studebaker  Circuits.  hVix7\i.  Cloth.  530  pages.  297  illustrations.  3  folding  plates. 
Price %iM 


omobUe  Welding  With  che  Oxy- Acetylene  Flame.    By  M.  Keith  Dunham. 

This  is  the  only  complete  book  on  the  "why"  and  "how"  of  Welding  with  the  Oxy-Acetylene 
Flame,  and  from  its  pages  one  can  gain  information  so  that  he  can  weld  anything  that  comes 
along. 

No  one  can  afford  to  be  without  this  concise  book,  as  it  first  explains  the  apparatus  to  be 
used,  and  then  covers  in  detail  the  actual  welding  of  all  automobile  partH.  1  no  welding  of 
aluminum,  cast  iron,  steel,  coptjor,  brass  and  malleable  iron  is  clearly  explained,  as  well 
as  the  proper  way  to  burn  the  carl>on  out  of  the  combustion  head  of  the  motor.  Among  the 
contents  are:  Chapter  I. — Apparatus  Knowledge.  Chapter  II. — Shop  Equipment  and 
Initial  Procedure.  Chapter  III. — Cast  Iron.  Chapter  IV. — Aluminum.  Chapter  V. — 
Steel.  Chapter  VI. — Malleable  Iron,  Copper,  Brass.  Bronse.  Chapter  VII. — CarlK)n  Burn- 
ing  and  other  Uses  of  Oxygen  and  Acetylene.  Chapter  VIII. — How  to  Figure  Cost  of  Weld- 
ing.   167  pages,  fully  illustrated.    Price $1.00 


rsge  Batteries  Simplified.    By  Victor  W.  Pag£,  M.S.A.E. 

A  comprehensive  treatise  devoted  entirely  to  secondary  batterios  and  their  maintenance. 
repair  and  use. 

Tnia  is  the  most  up-to-<late  book  on  this  subject.  De8rribf»8  fully  the  Kxidr,  Edison,  Gould, 
Willard.  U.  S.  L.  and  other  stornRo  battery  forms  in  the  typos  lx»st  suited  for  automobile, 
flt&tionary  and  marine  work.  Nothing  of  importanre  haj>  b<'cn  onuttwl  that  the  reader  should 
know  about  the  practical  operution  and  rare  of  storauo  battcritj*.  No  di'tails  have  l>een 
■lighted.  The  instructions  for  rhnriring  and  onre  have  hwu  made  u«  Hiniple  nj»  poKsible.  Brief 
Synopsis  of  Chapters:  Chapter  I. — Storngc  Battery  Development:  TyiM'M  of  StoraRc  Bat- 
teries; licad  Plate  Tyi>e«;  The  Edij*on  Cell.  Chaptrr  II.— Stontue  Hatt«»ry  Construction: 
Plates  and  Girds;  Plants  Plates;  Faun'*  Plates;  Non-Load  IMat<-.».;  Connucn-ial  Battery 
Designs.  Chapter  III. — CharfcinK  Methods;  Hertiliors:  (Njiivfrtor.-*;  Hh<-»)statH;  Rules 
for  Charging.  Chapter  IV. — Battery  Ber»airs  and  .Maintenance  Chapter  V. — Industrial 
Application  of  Ptoragp  Battoric-s;  Cilossary  of  iStorage  Battrry  Terms.  208  PaKCs.  Very 
Fully  Illustrated.     Price $1.50  net 


to  Run  an  Automobile.    By  Victor  W.  Pao^,  M.S.A.E. 

This  treatise  gives  conrisc  instructions  for  starting  and  running  all  makes  of  gasoline  auto- 
mobiles, how  to  care  for  them,  and  gives  distinctive  fenturt-a  of  control.  Describes  every 
step  for  shifting  gears.  controHiiiK  engines,  etc.  Among  the  chaptors  contained  arc:  I.— 
Automobile  Parts  and  Their  Functions.  II. — General  Starting  and  Driving  Instructions. 
III. — Typical  1917  Control  Systems.  IV. — Core  of  Automobiles.  178  pages.  72  specially 
made  illustrations.     Price         ......  $1.00 
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The  Automobilfst's  Pocket  Companion  and  Expense  lieeofd.    Arranff 
Victor  W.  Pag6,  M.S.A.E. 

This  book  is  not  only  valuable  as  a  convenient  cost  record  but  contains  much  infMinatiooal 
to  motorists.  Includes  a  condensed  digest  of  auto  laws  of  all  States,  a -lubricatioii  ich 
hints  for  care  of  storage  battery  and  care  of  tires,  location  of  road  troubles,  aaOeb 
solutions,  horse-power  table,  driving  hints  and  many  useful  tabl^  and  recipes  of  isM 
all  motorists.  N  ot  a  technical  book  in  any  sense  of  the  word,  just  a  oollectioo  of  pn 
facts  in  simple  language  for  the  everyday  motorist.    Price j 


Motorcycles,  Side  Cars  and  Cydecars;  their  Constraetton,  Manasfi 
and  Repair.    By  Victor  W.  Pag6,  M.S.A.E. 

The  only  complete  work  published  for  the  motorcyclist  and  cyclecarist.  Deaoribsi  fa 
leading  t3rpe8  of  machines,  their  design,  construction,  maintenance,  operation  nad  i 
This  treatise  outlines  fully  the  operation  of  two-  and  four-cycle  power  plants  and  all  ip 
carburetion  and  lubrication  systems  in  detail.  Describes  all.  representative  type*  e 
engine  clutches,  variable  speed  gears  and  power  transmission  systems.  Gives  c<BDfli 
structions  for  operating  and  repairing  all  types.  Considers  fully  electric  self-stsitiq 
lighting  systems,  all  types  of  spring  frames  and  spring  forks  and  shows  leading  contnd  bp 
For  those  desiring  technical  mformation  a  complete  series  of  tables  and  many  fonn 
assist  in  designing  are  included.  ^  The  work  tells  how  to  fif^ire  power  needed  to  rhnh  g 
overcome  air  resistance  and  attain  high  speeds.  It  shows  how  to  select  gear  ratios  for  ▼ 
weights  and  powers,  how  to  figure  braking  efficiency  required,  gives  sizes  of  b?lte  sod  < 
to  tnmsrait  power  safely,  and  shows  how  to  design  sprockets,  belt  pulleys,  etc.  Tlu» 
also  includes  complete  tormulse  for  figuring  horse-power,  shows  how  dynamoijjeter  tai 
made,  defines  relative  efficiency  of  air  and  water-cooled  engines,  plain  and  antj-frictioB 
ings  and  irany  other  data  of  a  practical,  helpful,  engineering  nature.  Remembrr  tkl 
get  this  informption  in  addition  to  the  practical  description  and  instructions  which  skji 
worth  several  times  the  price  of  the  book.  550  pages.  350  sptecially  made  iilostntii 
folding  plates.     Cloth.     Price      | 


AUTOMOBILE  AND  MOTOECYCLE  CHARTS 

Chart.    Location  of  Gasoline  Engine  Troubles  Made  Easy — ^A  Chart  SI 
Ing  Sectional  View  of  Gasoline  Engine.   Compiled  by  Victdb  W.  f 

M.S.A.E. 

It  shows  clearly  all  i>arts  of  a  typical  four-cylinder  gasoline  engine  of  Uie  foar-cyde 

It  outlines  distmctly  all  parts  liable  to  give  trouble  and  also  details  the  deianfcmeB 

to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garegemen,  automobile  nk 

chaufTeurs.   motorboat   owners,  ^  motor-truck  ana   tractor  drivers,   aviators,  motor-c] 

and  all  others  who  have  to  do  with  gasoline  power  plants. 

It  simpliftes  location  of  all  engine  troubles,  and  wnile  it  will  prove  invaluable  to  the  i 

it  can  be  u.«ted  to  advantage  by  the  more  expert.     It  should  be  on  the  walls  of  evjnr 

and  private  garage,  automobile  repair  shop,  club  house  or  school.      It  can  be  carried 

automobile  or  pocket  with  case,  and  will  insure  against  loss  of  time  when  eogiDe  t 

manifests  itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.    It  is  prepare 

practical  motorist  for  all  who  motor.     More  information  for  the  money  than  ever 

offered.    No  details  omitted.    Size  25x38  inches.    Securely  mailed  on  receipt  of       29  < 


Chart.    Location  of  Carbureton  Troubles  Made  Easy.    Compiled  by  Vi 

\V.  Pag6,  M.S.A.E. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  sjrBtem  and  gimi  <s 
trouble,    how    to    locate    defects    and    means    of    remedying    them.      Sise   24x38 
Price «( 
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Ift.     Location  of  Ford  Engine  Troubles  Made  Easy.    Compiled  by  Victor 

W.  Pag£,  M.SA.E. 


shows  dear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and  auxiliary 
It  puUines  clearly  all  parts  of  the  engine,  fuel  supply  system,  ignition  group  and 
_  system,  that  are  apt  to  give  trouble,  detailing  all  derangements  that  are  liable  to 
an  engine  lose  power,  start  hard  or  work  irregularly.  This  cshart  is  valuable  to  students, 
B,  and  drivers,  as  it  simplifies  location  of  all  engine  faults.  Of  great  advantage  as  an 
Imtruetpr  for  the  novice,  it  can  be  used  equally  well  by  the  more  expert  as  a  work  of  reference 
mud  review.  It  can  be  carried  in  the  tool-box  or  pocket  with  ease  and  will  save  its  cost  in 
labor  riiminsted  the  first  time  engine  trouble  manifesto  itself.  Prepared  with  special  refer- 
ence to  the  average  roan's  needs  and  is  a  practical  review  of  all  motor  troubles  because  it  is  based 
on  the  Actual  experience  of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart 
describes.  It-  <mables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine 
derangements  by  systematic  search,  guided  by  easily  recognised  symptoms  instead  of  by 
pueeswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop  when  tour^ 
in^     Must  be  seen  to  be  appreciated.     Sise  25x38  inches.     Printed  on  heavy  bond  paper. 

• !S5  cents 

Lubrication  of  the  Motor  Car  Chassis.    Compiled  by  Victor  W. 
PAGi,  M.8.A.E. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design  and  all 
parts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they  must  be 
lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in  motor-car  main- 
Sise  24x38  inches.     Price 2S  CCntS 


Location  of  Ignition  System  Troubles  Made  Easy.    Compiled  by 
Victor  W.  Pag6,  M.S.A.E. 

In  this  diagram  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto  current 
are  shown,  and  suggestions  are  given  for  readily  finding  ignition  troubles  and  eliminating 
them  when  foimd.     Sise  24x38  inches.     Price       25  CentS 

i 

■rt*    Location  of  Cooling  and  Lubrication  System  Faults.    Compiled  by 
Victor  \V.  Pag^,  M.S.A.E. 

This  composite  diagram  shows  a  typical  automobile  power  plant  using  pump  circulated 
water-cooling  system  and  the  most  popular  lubrication  method.  Gives  tiugKcstions  for  cur- 
ing all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling  or  cooling  group. 
Sise  24x38  inches.     Price         25  CCUCS 

Motorcycle  Troubles  Made  Easy.     Compiled  by  Victtor  W.  Pag^, 
M.S.A.E. 

A  chart  showing  sectional  view  of  a  ungle-cvlinder  gasoline  engine.  This  chart  simplifies 
location  of  all  power-plant  troubles.  A  single-cylinder  motor  is  shown  for  simplicity.  It 
outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the  derangements  apt  ta 
interfere  with  smooth  engine  operation.  This  chart  will  prove  of  value  to  all  who  have  to  do 
wiUi  the  operation,  repair  or  sale  of  motorcycles.     No  details  omitted.     Size  30x20  inches. 

Price    25  cents 

AVIATION 


lation  Engines,  their  Design,  Construction,  Operation  and  Repair.    By 

Lieut.  Victor  \V.  Pxafi,  Aviation  Section,  S.C.U.S.R. 

A  practical  work  containing  valuable  instructions  for  aviation  students,  mechanicians* 
squadron  engineering  officers  and  all  interested  in  the  construction  and  upkeep  of  airplane 
power  plants. 

The  rapidly  increasing  interest  in  the  study  of  aviation,  and  especially  of  the  highly  developed 
internal  combustion  engines  that  make  mechanical  flight  poBsiole,  has  created  a  demand  for  a 
text-book  suitable  for  schools  and  home  study  that  wiU  clearly  and  concisely  explain  the 
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workinsB  of  the  various  aircraft  en^es  of  foreign  and  domestie  manufactwe. 
This  treatise,  written  by  a  recognised  authority  on  ail  of  the  practical  aqpedi 
combustion  engine  construction,  maintenance  and  repair  tills  the  need  as  no  other 
The  matter  is  logically  arranged;  all  descriptive  matter  is  simply  expressed  am 
illustrated  so  that  anyone  can  imderstand  airplane  engine  operation  and  repair  e^ 
out  previous  mechamcal  training.  This  work  is  invaluable  for  anyone  desiring  tc 
aviator  or  aviation  mechanician. 

The  latest  rotary  types,  such  as  the  Gnome,  Monosoupape,  and  Le  Rhone,  are  foD: 
as  well  as  the  recently  developed  Vee  and  radial  types.  The  subjects  of  carburetic 
cooling  and  lubrication  also  are  covered  in  a  thorough  manner.  The  chaptns  on 
maintenance  are  distinctive  and  found  in  no  other  book  on  this  subiect. 
Invaluable  to  the  student,  mechanic  and  soldier  wishing  to  enter  the  aviation  serv 
Not  a  technical  book,  but  a  practical,  easily  understood  work  of  reference  for  si 
in  aeronautical  science.   576  octavo  pages.   253  specially  made  engravings.    Price  .  ] 


GLOSSARY  OF  AVIATION  TERMS 

Termes  D' Aviation,  English-French,  French-English.  Compiled  b 
Victor  W.  Pag1&.  A.S.,  S.C.U.S.R.,  and  Paul  Montariol  of  tb 
Flying  Corps,  on  duty  on  Signal  Corps  Aviation  School,  Mineola,  L. 

A  complete,   well  illustrated  volume  intended  to  facilitate  conversation  betv«( 

speaking  and  French  aviators.    A  very  valuable  book  for  all  who  are  about  to  lea 

overseas. 

Approved   for   publication  by  Major  W.  G.  Kilner,  S.C,  U.S.C.O.    Signal   C<»t 

School.   Haslehurst  Field,  Mineola,  L.  I . 

This  book  should  be  in  every  Aviator's  and  Mechanic's  Kit  for  ready  reference. 

Fully  illustrated  with  detailed  engravings.    Price 

Aviation  Chart.    Location  of  Airplane  Power  Plant  Troubles  Ma 

By  Lieut.  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  tjrpical  airplane  power  plant,  showing  the  p 
trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  InU 
daily  for  Aviators  and  Aviation  Mechanics  on  School  and  Field  Duty.    Price  .    . 


BRAZING  AND  SOLDERING 

ftrailng  and  Soldering.    By  James  F.  Hobart. 

The  onl^  book  that  shows  you  just  how  to  handle  any  Job  of  brasing  or  sc^eiriBg 
along;  it  tells  you  what  mixture  to  use,  how  to  make  a  furnace  if  vou  need  one.  F 
able  kinks.  The  fifth  edition  of  this  book  has  Just  been  published,  and  to  it  mud 
ter  and  a  large  number  of  tested  formulse  for  all  kinds  of  solders  and  fluxes  have  t 
Ulustrated.     Price       

CHARTS 


Aviation  Chart.    Location  of  Airplane  Power  Plant  Troubles  Mai 

By  Lieut.  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  aimlane  power  plant,  showing  the  p 
trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  Intenm 
for  Aviators  and  Aviation  Mechanics  on  School  and  Field  Duty.    Price     .... 

Lubrication  of  the  Motor  Car  Chassis. 

THIb  chart  presents  the  plan  \'iew  of  a  typical  six-cylinder  diaasis  of  ataadard 
all  parts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  th 
lubricate  and  the  kind  of  oil  to  use.    A  practical  chart  for  all  interested  in  mote 
tenanco.     Sire  24x38  inches.     Price       
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iMne  Engine  Troubles  Made  Easy— A  Chart  Showing  Sectional  View  of 
EGMOllne  Engine.    Compiled  by  Lieut.  Victob  W.  Pag£,  A.S.,  S.C.U.S.R. 

f    It  AowB  dearly  all  parts  of  a  typical  fourKsylinder  gasoline  engine  of  the  four-cycle  type. 

:  It  outlines  distuctly  all  parts  liable  to  give  trouble  and  also  details  the  derangements  apt 
to  interfere  with  snux>th  engine  operation. 

I  Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen,  automobile  salesmen, 
QbauflFeuiB,  motor-boat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor-cyclists. 
Mid  all  others  who  have  to  do  with  gasoline  power  plants. 

It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the  novice, 
it  ean  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of  every  public 
and  private  garage,  automobile  repair  shop,  club  house  or  school.  It  can  be  carried  m  the 
automobile  or  pocket  with  ease  and  will  insure  against  loss  of  time  when  engine  trouble  mani- 
fcste  itself. 

Thu  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.  It  is  prepared  by  a 
practical  motorist  for  all  who  motor.  No  details  omitted.  Sise  25x38  inches.   Price    25  CentS 


alion  of  Carburetlon  Troubles  Made  Easy. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  system  and  gives  causes  oi 
trouble,  how  to  locate  defects  and  means  of  remedying  them.    Sise  24x38  inches. 

^*^ 25  cents 


ation  of  Ignition  System  Troubles  Made  Easy. 

In  this  chart  all  parts  of  a  typical  double  ignition  system  vantx^  battery  and  magneto  current 
are  shown  and  suggestions  are  given  for  readily  finding  igmtion  troubles  ana  eliininating 
tbexn  when  found.    Sise  24x38  inches.    Price 25  CeUtS 


Bllon  of  Cooling  and  Lubrication  System  Faults. 

This  composite  chart  shows  a  typical  automobile  power  plant  using  pump  circulated  water- 
eooling  system  and  the  most  popular  lubrication  methoa.  Gives  suKgestions  for  curing  all 
overheating  and  loss  of  power  lamts  due  to  faulty  action  of  the  oiling  or  cooling  group.  Sise 
24x38  inches.    Price      25  cCUtS 


UM^Tcle  Troubles  Made  Easy— A  Chart  Showing  Sectional  View  of  Single- 
Cylinder  Gasoline  Engine.    Compiled  by  Victo..  \V.  Pao6,  M.S.A.E. 

Thb  chart  simplifies  location  of  all  power-plant  troubles,  and  will  prove  invaluable  to  all 
who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.  No  details  omitted.  Sise 
25x38  inches.    Price      25  CCUtS 


mtlon  of  Ford  Engine  Troubles  Made  Easy.     Compiled  by  Victor  W. 
PagA,  M.S.A.E. 

TbM  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and  auxiliary 
groups.  It  outlines  clearly  all  parts  of  the  ensine,  fuel  supply  system,  ifoiition  group  and 
cooling  system,  that  are  apt  to  give  trouble,  detailing  all  derangements  that  are  liable  to 
make  an  engine  lose  power,  start  hard  or  work  irregularly.  This  chart  is  valuable  to  students, 
ownera,  and  drivers,  as  it  simplifies  location  of  all  engine  faults,  (^f  great  advantage  as  an 
instructor  for  the  novice,  it  can  be  used  equally  well  by  the  more  expert  as  a  work  of  reference 
and  review.  It  can  be  carried  in  the  toolbox  or  pocket  with  ease  and  will  save  its  cost  in 
labor  eliminated  the  first  time  engine  trouble  manifests  itself.  Prepared  with  special  refer- 
ence to  the  average  man's  needs  and  is  a  practical  review  of  all  motor  troubles  because  it  is 
based  on  the  actual  experience  of  an  automobile  engineer-mechanic  with  the  mechanism  the 
chart  describes.  It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  en- 
gine derangements  by  systematic  search,  guided  by  easily  recognised  svmptoms  instead  of 
by  ipiesswork.  It  makes  the  avera^^e  owner  independent  of  the  roarlnide  repair  sh<n>  when 
tounng.    Must  be  seen  to  be  appreciated.    Sise  25x38  inches.    Printed  on  heavy  bond  paper. 

Price 25  cents 
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Modem  Submarine  Chart — with  Tno  Muni 


la  make  the  entfrdving  man  rebdlLv  UDd«ntood  a 
•rilh  nmeorg  snd  Men  in  Ibc  Bet  at  nerforniillB 
Jilions      Tl.is  CHART  IS   RE*LI.Y   AN  ENt 


Boi  Car  Chart. 


Gondola  Car  Cbart. 


Passenger-Car  Chart. 

A  .-hurt  showitiB  tl.p  n 


Steel  Hopper  Bottom  Coal  Car. 


Tractive  Power  Cbart. 


Horse-Power  Chart. 

dLTiti"^  o  "n"n-*ondeSJ^B!" 
UtioDs.    Eap«eiKlty  uflcful  u 


BoUer  Boom  Chart.     By  ( 


tionuy  at  the  boiler  room — Lhe  nam^B  of  m 
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COKE 

Coldng  Practice,  Indadlng  Analysis  of  Materials  and  Products. 

By  J.  £.  Christopher  and  T.  H.  Byrom. 

• 

This,  the  standard  work  on  the  subject,  has  just  been  revised.  It  is  a  practical  work  for  those 
engased  in  Coke  manufacture  and  the  recovery  of  By-products.  Fully  illustrated  with  fold- 
ing plates.  It  has  been  the  aim  of  the  authors,  in  preparing  this  book,  to  produce  one  which 
ahall  be  of  use  and  benefit  to  those  who  are  associated  with,  or  interested  in,  the  modem 
developments  of  the  industry.  Among  the  Chapters  contained  in  Volume  I  are:  Introduo 
tion;  Classification  of  Fuels;  Impurities  of  Coals;  Coal  Washing;  Sampling  and  Valuation 
of  Coals,  etc.;  Power  of  Fuels;  History  of  Coke  Manufacture;  Developments  in  the  Coke 
Oven  Design;  Recent  Types  of  Coke  Ovens;  Mechanical  Appliances  at  Coke  Ovens;  Chem- 
ical and  Physical  Examination  of  Coke.  Volume  II  covers  fully  the  subject  of  By-Products. 
Price,  per  volume |3.00  net 

COMPRESSED  AIR 


npressed  Air  In  All  Its  Applications.    By  Gardner  D.  Hiscox. 

This  is  the  most  complete  book  on  the  subject  of  Air  that  has  ever  been  issued,  and  its  thirty- 
five  chapters  include  about  every  phase  of  the  subject  one  can  think  of.  It  may  be  called 
an  encyclopedia  of  compressed  air.  It  is  written  by  an  expert,  who,  in  its  665  pages,  has 
dealt  with  the  subject  in  a  comprehensive  manner,  no  phase  of  it  beiniD^  omitted.  Includes 
the  physical  properties  of  air  from  a  vacuum  to  its  h^hest  pressure,  its  thermodynamics, 
compression,  transmission  and  uses  as  a  motive  power,  m  the  Operation  of  Stationary  and 
Portable  Machinery,  in  Mining,  Air  Tools,  Air  Lifts,  Pumping  of  Water,  Acid?,  and  Oils; 
the  Air  Blast  for  Cleaning  and  Painting  the  Band  Blast  and  its  Work,  and  the  Numerous 
Appliances  in  which  Compressed  Air  is  a  Most  Convenient  and  Economical  Transmitter  of 
Power  for  Mechanical  Work.  Railway  Propulsion,  Refrigeration,  and  the  Various  I'ses  to  which 
Compressed  Air  has  been  applied.  Includes  forty-four  tables  of  the  physical  properties  of 
air,  its  compression,  expansion,  and  volumes  required  for  various  kinas  of  work,  and  a  list 
of  patents  on  compressed  air  from  1875  to  date.  Over  500  illustrations,  5th  Edition,  re- 
vised and  enlarged. 
Cloth  bound.    Price $5.00 

Half  Morocco.    Price $6.50 

CONCRETE 


acrete  Workers'  Reference  Books.    A  Series  of  Popular  Handbooks  for 
Concrete  Users.    Prepared  by  A.  A.  Houghton. 

The  author,  in  ■preparing  this  Series,  has  not  only  treated  on  the  vsual  types  of  construction,  hxU 
explains  and  iln^strates  molds  and  systems  that  ewe  not  patented,  but  which  are  etjual  in  value 
emd  often  superior  to  those  restricted  by  patents.  These  molds  are  very  easily  and  cheaply  con^ 
$tructed  and  embody  simplicity,  rapidity  of  operation,  and  the  most  successful  results  in  the  molded 
concrete.  Each  of  these  books  is  fully  illustrated,  and  the  subjects  are  exhaustiiely  treated  in  plain 
English. 

ncrete  Wall  Forms.    By  A.  A.  Houghton. 

A  new  automatic  wall  clamp  is  illustrated  with  working  dra^'ings.  Other  types  of  wall  forms, 
clamps,  separators,  etc.,  are  also  illustrated  and  explained.    (No.  1  of  Series)  Price  50  CCntS 

acrete  Floors  and  Sidewalks.    By  A.  A.  Houghton. 

The  molds  for  molding  squares,  hexagonal  and  many  other  styles  of  mosaic  floor  and  side- 
walk blocks  are  fully  illustrated  and  explained.    (No.  2  of  Series)  Price 50  CCntS 

kCtlcal  Concrete  SUo  Construction.    By  A.  A.  Houghton. 

Complete  working  drawings  and  specifications  are  given  for  several  styles  of  concrete  siloe, 
with  illustrations  of  molds  for  monolithic  and  block  silos.  The  tables,  data,  and  information 
presented  in  tbi.s  book  are  of  the  utmost  value  in  planning  and  constructing  all  forms  of  con- 
crete silos.     (No.  3  of  Series)  Price 50  CCnt^ 


12       THE    NORMAN    W.    HENLEY    PUBLISHING 


Molding  Concrete  Chimneys,  Slate  and  Roof  TQes.    By  A.  A.  H 

The  manufacture  of  all  types  of  concrete  slate  and  roof  tile  ia  folly  ticaled. 
on  all  forms  of  reinforced  concrete  roofs  are  contained  within  its  paciea.    Tl 
of  concrete  chimneys  by  block  and  monolithic  systems  is  fully  illustrated  and 
number  of  ornamental  designs  of  chimney  construction  with  molds  are 
treatise.     (No.  i  of  Series.)     Price 


Molding  and  Curing  Ornamental  Concrete.    By  A.  A.  Hought 

The  proper  proportions  of  cement  and  aggreSAtes  for  various  fmiahes,  also 
thoroughly  mixing  and  placing  in  the  molds,  are  full^  treated.     An  eidianst 
thb  subject  that  every  concrete  worker  will  find  of  djuly  use  and  value.     (N 
Price 

Concrete  Monuments,  Mausoleums  and  Burial  Vaults.    By  A.  A. 

The  molding  of  concrete  monuments  to  imitate  the  most  eiqiensive  cut  sloi 
in  this  treatise,  with  working  drawings  of  easily  built  molds.     Cattittc  ' 
signs  are  also  fully  treated.    (No.  6  of  Series.)     Price 


Molding  Concrete  Bathtubs,  Aquariums  and  Natatoriams. 

Houghton. 

Simple  molds  and  instruction  are  given  for  molding  many  styles  of  concrete  bi 
ming-i>ooU,  etc.  These  molds  are  easily  built  and  permit  rai»d  and  iiifcissfiil 
of  Series.)     Price 


Concrete  Bridges,  Culverts  and  Sewers.    By  A.  A.  Houghton. 

A  number  of  ornamental  concrete  bridges  with  illustrations  of  molds  are  gyrea. 
center  or  core  for  bridges,  culverts  and  sewers  is  fully  illustrated  with  detail 
for  building.     (No.  8  of  Series.)     Price 


Constructing  Concrete  Porches.    By  A.  A.  Houghton. 


A  number  of  designs  with  working  drawings  of  molds  are  full^  explained  so  any 
construct  different  stylos  of  ornamental  concrete  porches  without  the  parchM 
molds.     (No.  9  of  Series.)     Price 


Molding  Concrete  Flower-Pots,  Boxes,  Jardinieres,  Etc    By  A.  A. 

The  molds  for  producing  many  orifpnal  designs  of  flower-pots,  urns.  flower4xv] 
etc.,  are  fully  illustrated  and  explained,  so  the  worker  can  easily  oonstruct  and 
(No.  10  of  Series.)     Price 


Molding  Concrete  Fountains  and  Lawn  Ornaments.    By  A.  A. 

The  molding  of  a  number  of  designs  of  lawn  scats,  curbing,  hitching  posts. 
and  other  forms  of  ornamental  concrete  for  the  ornamentation  of  lawns 
illustrated  and  described.     (No.   11  of  Series.)     Price 


Concrete  trom  Sand  Molds.    By  A.  A.  Houghton. 

A  Practical  Work  treating  on  a  process  which  has  heretofore  been  held  as  a  1 
the  few  who  possessed  it,  and  which  will  successfully^  mold  every  and  any  eimm 
concrete  work.  The  procoas  of  molding  concrete  with  sand  molds  is  of  the  ui 
value.  po88essing  the  manifold  advantages  of  a  low  cost  of  molds,  the  ease  i 
operation,  perfect  details  to  all  ornamental  designs,  density  and  increased  i 
concrete,  perfect  curing  of  the  work  without  attention  and  the  easy  removs 
regardless  oi  any  uiid«Te\i\.\\ti%  \^'&  ^«KvaGE^  TCA.-^i  \aA.N«..  \.Q2  vaoes.  Ft 
Pnce    .,*.• 
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iMnentel  Concrete  without  Molds.    By  A.  A.  Houghton. 

The  process  for  makini;  ornamental  concrete  without  molds  baa  long  been  held  as  a  secret, 
and  now.  for  the  first  time,  this  process  is  g^ven  to  the  public  The  book  reveals  the  secret 
and  is  the  only  book  published  which  explains  a  simple,  practical  method  whereby  the  con- 
crete worker  is  enabled,  by  employing  wood  and  metal  templates  of  different  designs,  to  mold 
or  model  in  concrete  any  Ck>rnice,  Archivolt,  Column,  Peclestal,  Base  Cap,  Urn  or  Pier  in  a 
monolithic  form — right  upon  the  job.  These  may  be  molded  in  units  or  blocks  and  then  built 
up  to  suit  the  spedncations  demanded.  This  work  is  fully  illustrated,  with  detailed  engrav- 
'  Price       fZM 


for  the  Farm  and  In  the  Shop.    By  H.  Colin  Campbell,  C.E.,  E.M. 

''Concrete  for  the  Farm  and  in  the  Shop"  is  a  new  book  from  cover  to  cover,  illustrating  and 
describing  in  plain,  simple  language  many  of  the  numerous  applicalions  of  concrete  within 
the  range  of  the  home  worker.  Among  Uie  subjects  treated  are:  Principles  of  Reinforcing; 
Methods  of  Protecting  Concrete  so  as  to  Insure  Proper  Hardening;  Home-made  Mixers; 
Mixing  by  Hand  and  Machine;  Form  Construction,  Described  and  Illustrated  by  Draw- 
iniCB  and  Photographs;  Construction  of  Concrete  Walls  and  Fences;  Concrete  Fence  Posts; 
Concrete  Gate  Posts:  Corner  Posts;  Clothes  line  Poets;  Grape  Arbor  Poets;  Tanks; 
Troughs;  Cisterns;  Hog  Wallows;  Feeding  Floors  and  Barnyard  Pavements;  Foundations: 
Well  Curbs  and  Platforms;  Indoor  Floors;  Sidewalks;  Steps;  Concrete  Hotbeds  and  Cold 
Frames;  Concrete  Slab  Roofs;  Walls  for  Buildings;  Repairing  I^eaks  in  Tanks  and  Cisterns; 
and  all  topics  associated  with  these  subjects  as  bearing  upon  securing  the  best  results  from 
concrete  ar^  dwelt  upon  at  sufficient  length  in  plain  evcry-dny  English  so  that  the  inexperi- 
enced persoa  desiring  to  undertake  a  piece  of  concrete  construction  can,  by  following  the 
directions  set  forth  in  this  book,  secure  100  per  cent,  success  every  time.  A  number  of  con- 
venient and  practical  tables  for  estimating  quantities,  and  some  practical  examples,  are  also 
given.     (5x7.)     149  pages.    51  illustrations.    Price 75  CentS 


polar  Handbook  for  Cement  and  Concrete  Users.    By  Mtron  H.  Lewis. 

This  is  a  concise  treatise  of  the  principles  and  methods  employed  in  the  manufacture  and  use 
of  cement  in  all  classes  of  modern  works.  The  author  has  brought  together  in  thiu  work  all 
the  salient  matter  of  interest  to  the  user  of  concrete  and  its  many  diversified  produt^ts.  The 
matter  is  presented  in  lon^cal  and  systematic  order,  clearly  written,  fully  illustrated  and  free 
from  involved  mathematics.  Everythinj^  of  value  to  the  concrete  ui«er  is  given,  including 
kinds  of  cement  employed  in  construction,  concrete  architecture,  inspection  and  testing, 
waterproofing,  coloring  and  painting,  rules,  tables,  working  and  cost  data.  The  book  com- 
prises thirty-three  chapters,  as  follow:  Introductory.  Kinds  of  Cement  &m'  How  They 
are  Made.  Properties.  Testing  and  Requirements  of  Hydraulic  Cement.  Conciete  and  Its 
Properties.  Sand,  Broken  Stone  and  Gravel  for  Concrete.  How  to  Proportion  the  Materials. 
How  to  Mix  and  Place  Concrete.  Forms  of  Concrete  Construction,  The  Architectural  and 
Artistic  Possibilities  of  Concrete.  Concrete  Residences.  Mortars,  Plasters  and  Stucco, 
and  How  to  Use  Them.  The  Artistic  Treatment  of  Concrete  Surfaces.  Concrete  Building 
Blocks.  The  Making  of  Ornamental  Concrete.  Concrete  Pipes,  Fences,  Posts,  etc.  P^ssen- 
tial  Features  and  Advantages  of  Reenforced  Concrete.  How  to  Design  Reenforced  Con- 
crete Beams,  Slabs  and  Columns.  Explanations  of  the  Methods  and  Principles  in  Designing 
Reenforced  Concrete,  Beams  and  Slabs.  Syst^^ms  of  Reenforcement  Employefl.  Reen- 
forced Concrete  in  Factory  and  (General  Building  Construction.  Concrete  in  Foundation  Work. 
Concrete  Retaining  Walls,  Abutments  and  Bulkheads.  Concrete  Arches  and  Arch  Bridges. 
Concrete  Beam  and  Girder  Bridgen.  Concrete  in  Sewerage  and  Draining  Works.  Concrete 
Tanks,  Dams  and  Reservoirs.  Concrete  Sidewalks,  Curbs  and  Pavements.  Concrete  in 
Railro'id  Construction.  The  Utility  of  Concrete  on  the  Farm.  The  Waterproofing  of  Con- 
crete Structure*.  Grout  of  Liquid  Concrete  and  Its  Use.  Inspection  of  Concrete  Work. 
Co«t  of  Concrete  Work.  Some  of  the  special  fcitures  of  the  book  are:  1. — The  Attention 
Paid  to  the  Artistic  and  Architectural  Side  of  Concrete  Work.  2. — The  Authoritative  Treat- 
ment of  the  Problem  of  Waterproofing  Concrete.  .3. — An  Excellent  Summary  of  the  Rules 
to  be  Followed  in  Concrete  Construction.  4. — The  Valuable  Cost  Data  and  I'seful  Tables 
siven.    A.  valuable  Addition  to  the  Library  of  Every  C-ement  and  Concrete  User.   Price  .  ^,50 


kterprooflng  Concrete.    By  Myron  H.  Lewis. 

Modem  Methods  of  Waterproofing  Concrete  nnd  Other  Structures.  A  condensed  statement 
of  the  Principles,  Rules,  and  Precautions  to  be  ( Unserved  in  Waterproofing  and  Dampproofing 
Structures  and  Structural  Materials.    Paper  binding.     Illustrated.    Price  ....  50  CentS 
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DICTIONAEIES 


ATlatlon   Terms,    Termes    D'Avlatloii,    EngHsh-French,    Frenc 

Compiled  by  Lieuts.  Victor  W.  Pag£,  A.S.,  S.C.U^.R.,  and  1 
TARiOL,  of  the  French  Flying  Corps,  on  duty  on  Signal  Corps  Avia 
Mineola,  L.  I. 

The  UstR  contained  are  confined  to  esaentialB,  and  special  folding  plates  are  ioe 
all  important  airplane  partjj.  The  lists  are  divided  in  four  sections  as  foUotn 
Field  Terms.  2— The  Airplane.  3.— The  Engine.  4.— Tools  and  Shop  Tenn 
A  complete,  well  illustrated  volume  int«ndcxl  to  facilitate  conversation  between  I 
ing  and  French  aviators.  A  very  valuable  book  for  all  who  are  about  to  leave 
seas. 

Approved  for  publication  by  Major  W.  G.  Kilner,  S.C.,  U.S.C.O.  Signal  C<»rp8  A^ 
Haselhurst  Field,  Mineola,  L.  I.  This  book  should  be  in  everv  Aviator's  and  ^ 
for  ready  reference.     128  pages,  fully  illustrated,  with  detailed  engravinga.     P^ 


I 


Standard  Electrical  IHctlonary.    By  T.  0*Conor  Sloake. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  alike  ff 
and  professional.  A  practical  handbook  of  reference  containing  definitions  o 
distinct  words,  terms  and  phrases.  The  definitions  are  terse  and  roociae  and 
term  used  in  electrical  science.  Recently  issued.  An  entirely  new  edition, 
the  possession  of  all  who  desire  to  keep  abreast  with  the  progreas  of  this  bcai 
Complete,  concise  and  convenient.    682  pages,  393  illustrations.    Price  .   •   •  . 


DIES— METAL  WOEK 

Dies:  Their  Construction  and  Use  for  the  Modem  Worldns  off  Shi 

By   J.    V.    WOODWORTH. 

A  most  useful  book,  and  one  which  should  be  in  the  hands  of  all  engaged  in  the 
of  niptiils;  treating  on  the  Designing,  Constructing,  and  Use  of  Tools,  Fizturei 
together  with  the  manner  in  which  they  should  be  used  in  the  Power  Press,  for ' 
rapid  production  of  the  great  variety  of  sheet-metal  articles  now  in  use. 
as  a  (Tui  ie  to  the  production  of  «heet-metal  parts  at  the  minimum  of 
maximum  of  outout.  The  hardening  and  tempering  of  Press  tools  and  the  cl 
which  may  be  produred  to  the  best  adX'antage  by  the  use  of  dies  in  the  power  | 
treated.  Its  r^lTy  illustrations  sho'v  dies,  press  fixtures  and  sheet-metal  workin 
descriT>tions  of  which  are  so  clear  and  practical  that  all  metal-working  mechanif 
to  understand  how  to  design,  construct  and  use  them.  Many  of  the  dies  and 
treated  were  either  constructed  by  the  author  or  under  his  sunervision.  Others 
skilful  mechanics  and  are  in  use  in  large  sheet-metal  establishments  and  m 
6th  Revised  and  Enlarged  Edition.     Price 


Punches,  Dies  and  Tools  for  Manufacturing  In  Presses*    By  J. 

WORTH. 

This  work  Is  a  comnanion  volume  to  the  author's  elementary  work  entitled  ' 
Construction  and  Use."  It  does  not  go  into  the  details  of  die-making  to  the 
author's  previous  book,  but  gives  a  comnrehensive  review  of  the  field  <h  ooeratii 
by  presses.  A  large  part  of  the  information  given  has  been  drawn  from  the  aiitJ 
experience.  It  might  well  be  termed  an  Encvclooedia  of  Die-Making,  Paneh- 
Sinking,  Sheet-Metal  Workiwt,  an''  Making  of  SrH^cial  Tools,  Sub-preasee,  Devices 
cat  Combinaliona  ior  ?u\vr\\\u«.A  uvvXtvv^,  V.^\vi!^\^^^^;,''fwm\Tl^.V>a^Tl^ 
and  Assembling  ftV\eet-\UV-a\  YwXa,  w:k^  »^«tt  Nx>j«\sa  ^^V  ^S)c«x  \^«^ftT^a^».^aw>^ 
2d  Edition.     Price 
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Forging,  Dle-Slnldng  and  Machine-Forming  of  Steel.    By  J.   V. 

WOODWOJBTH. 

This  is  a  practical  treatise  on  Modem  Shop  Practice,  Processce,  Methods,  Machine  Tools, 
and  Details  treatini^  on  the  Hot  and  Cold  Machine-Forming  of  Steel  and  Iron  into  Finishea 
Ki^>e8:  together  with  Tools,  Dies,  and  Machinery  involved  in  the  manufacture  of  Duplicate 
Forgings  and  Interchangeable  Hot  and  Cold  Pressed  Parts  from  Bar  and  Sheet  Metal.  This 
book  fills  a  demand  of  long  standing  for  information  regarding  drop-forgings,  die-sinking  and 
machine-forming  of  steel  and  the  shop  practice  involved,  as  it  actually  exists  in  the  modem 
drop-forging  shop.  The  processes  of  die-sinking  and  force-making,  which  are  thoroughly 
describea  and  illustrated  m  this  admirable  work,  are  rarely  to  be  found  explained  in  such  a 
eleBT  and  concise  manner  as  is  here  set  forth.  The  process  of  die-sinking  relates  to  the  engrav- 
ing or  sinking' of  the  female  or  lower  dies,  such  as  are  used  for  drop-forgings,  hot  and  cold 
machine-forging,  swedging,  and  the  press  working  of  metals.  The  process  of  force-making 
relates  to  the  engraving  or  raising  of  the  male  or  upper  dies  used  in  producing  the  lower  dies 
for  the  press-forming  and  machine-forging  of  duplicate  parts  of  metal. 

In  addition  to  the  arts  above  mentioned  the  book  contains  explicit  information  regarding  the 
drop-forging  and  hardening  plants,  designs,  conditions,  equipment,  drop  hammers,  forging 
machines,  etc.,  machine  forging,  hydraulic  forging,  autogenous  welding  and  shop  practice. 
The  book  contains  eleven  chapters,  and  the  information  contained  in  these  chapters  is  just 
what  will  prove  most  valuable  to  the  forged-metal  worker.  All  operations  described  in  the 
work  are  uioroughly  illustrat-ed  by  means  of  perspective  half-tones  and  outline  sketches  of 
tiie  machinery  employed.     300  detailed  illustrations.     Price $2.50 


DRAWING— SKETCHING  PAPER 


tcAIca]  FerspectlTe.    By  Richards  and  Colvin. 

Shows  just  how  to  make  all  kinds  of  mechanical  drawings  in  the  only  practical  perspective 
iaometnc.  Makes  everything  plain,  so  that  any  mechanic  can  understand  a  sketch  or  drawing 
in  this  way.  Saves  time  in  tne  drawing  room,  and  mistakes  in  the  shops.  Contains  practical 
examples  of  various  classes  of  work.     4th  Edition.     Price 50  CentS 

lesr  Perspective  Self-Taught.    By  Herman  T.  C.  Kraus. 

This  work  gives  the  theory  and  practice  of  linear  perspective,  as  used  in  architectural,  engineer- 
ing and  mechanical  drawm^.  Persons  taking  up  the  study  of  the  subject  by  themselves  will 
be  able,  by  the  use  of  the  instruction  given,  to  readily  grasp  the  subject,  and  by  reasonable 
]>ractice  become  good  i>ersp>ective  draftsmen.  The  arrangement  of  the  book  is  good;  the  plate 
18  on  the  left-hand,  while  the  descriptive  text  follows  on  the  opposite  page,  so  as  to  be  readily 
referred  to.  The  drawing  are  on  sufficiently  large  scale  to  snow  the  work  ciearlY  and  are 
plainly  figured.  There  is  included  a  self-explanatory  chart  which  gives  all  information  neces- 
sary for  the  thorough  understanding  of  perspective.  This  chart  alone  is  worth  many  times 
over  the  price  of  the  book.     2d  Revised  and  Enlarged  £kiition.     Price $2*50 

r-Taught  Mechanical  Drawing  and  Elementary  Machine  Design.    By 

F.  L.  Sylvester^  M.E.,  Draftsman,  with  additions  by  Erik  Oberg,  associate 
editor  of  "Machinery." 

This  is  a  practical  treatise  on  Mechanical  Drawing  and  Machine  Design,  comprising  the  first 
principles  of  geometric  and  mechanical  drawing,  workshop  mathematics,  mechanics,  strength 
of  materials  and  the  calculations  and  design  of  machine  details.  The  author's  aim  has  been 
to  adapt  this  treatise  to  the  requirements  of  the  practical  mechanic  and  younr  draftsman 
and  to  present  the  matter  in  as  clear  and  concise  a  manner  as  poHsiblo.  To  moot  the  demands 
of  this  class  of  students,  practically  all  the  important  elements  of  machine  design  have  been 
dealt  with,  and  in  addition  algebraic  formulas  have  been  explained,  and  the  elements  of 
trij^onometry  treated  in  the  manner  best  suited  to  the  needs  of  the  practical  man.  The^  book 
is  li/i  la  1  into  21  chanters,  and  in  arranging  the  material,  mechanical  drawing,  pure  and  sinriple, 
has  been  taken  up  first,  as  a  thorough  understanding  of  the  principles  of  representing  objects 
facilitates  the  further  study  of  mechanical  subjects.  This  is  followed  by  the  mathematics 
necessaiy  for  the  solution  of  the  problems  in  machine  design  which  are  presented  later,  and  a 
practi*^!  introduction  to  theoretical  mechanics  and  the  strength  of  materials.  The  various 
elements  entering  into  machine  design,  such  as  cams,  gears,  sprocket-wheels,  cone  pulle3r8, 
bolts,  screws,  couplings,  clutches,  shafting  and  fly-wheels,  have  been  treated  in  such  a  way 
as  to  make  possible  the  use  of  the  work  as  a  text-book  for  a  continuous  cpurse  of  study.  It 
is  easily  comprehended  and  assimilated  even  by  students  of  limited  previous  training.  330 
pCkges,  215  engravings.     Price $3«9# 
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A  New  Sketcbli^  Paper. 

A  nrw  Kpn-ially  rulfd  pap«r  to  rnKble  yoa  lo  mni! 
live  without  any  figunng  or  fuaing.     ll  ii  being  i 

Fsdfl  of  40  fihecu,  dtS  inches.  Trice  .  .  . 
Pad*  of  40  .h»l«.  9«IZ  inch™.  Pri«  .  ,  . 
*0  ibeetA   ISiia  iocbn.  Price     .... 


Arithmetic  oT  Electricltr-     By  Prof.  T.  0'( 

A  pncticnJ  In^itiK  on  eI«iH»1  calculntioni  oF  M 
'^™"il*Tbl' "''w^h'ci'LSl™'*' Mi''!r^"''h 
UMful'^woriii  pub'wb'^  on^lhe  ici>iifc  of  FiKIrici 

bnucnl  lormuliu.     20th  E<litiDa.     160  pigca.     Pr 

Commutator  Coostnictlon.    By  Wu.  Baxi 


iSectric  B^s.    By  M.  B.  Sleeper. 


intlrurlion  lor  buildinE  the  Bppintus  willuppnl 
ThF  pmrliril  worliEr  will  End  the  chepter  on  Wi 
WiniiiiK,  I'pkwp  ol  SynMniii.  and  lie  Lqcaiion  o; 
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ttrie  Lighting  and  Heating  Pocket  Book.    By  Sydney  F.  Walker. 

This  book  puts  in  convenient  form  useful  information  regarding  the  apparatus  which  is  likely 
to  be  attached  to  the  mains  of  an  electrical  company.  Tables  of  units  and  equivalents  are  in- 
cluded and  useful  electrical  laws  and  formulas  are  stated.  438  pages,  300  engravings.  Bound 
in  leather.    Pocket  book  form.    Price $3*00 


Btrlc  Wiring,  Diagrams  and  Switchboards.    By  Newton  Harrison,  with 
additions  by  Thomas  Poppe. 

A  thoroughly  practical  treatise  covering  the  subject  of  Electric  Wiring  in  all  its  branches* 
including  explanations  and  diagrams  wmch  are  thoroughly  explicit  and  greatly  simplify  the 
subject.  Practical,  every-day  problems  in  wiring  are  presented  and  the  method  ot  obtain- 
ing intelligent  results  clearly  shown.  Only  arithmetic  is  used.  Ohm's  law  is  given  a  sim- 
j>le  explanation  with  reference  to  wiring  for  direct  and  alternating  currents.  The  fimda^ 
mental  principle  of  drop  of  i^tential  in  circuits  is  shown  with  its  various  applications.  The 
vmple  circuit  is  developed  with  the  position  of  mains,  feeders  and  branches;  their  treatment 
••  a  pan  of  a  wiring  plan  and  their  employment  in  house  wiring  clearly  illustrated.  Some 
flimple  facts  about  testing  are  included  in  connection  with  the  wiring.^  Molding  and  conduit 
work  are  given  careful  consideration;  and  switchboards  are  systematically  treated,  bmit  up 
mod  illustrated,  showing  the  purpose  they  serve,  for  connection  with  the  circuits,  and  to  shimt 
and  compound  wound  machines.  The  simple  principles  of  switchboard  construction,  the 
development  of  the  switchboard,  the  connections  of  the  various  instruments,  including  the 
lightning  arrester,  are  also  plainly  set  forth. 

Altematwg  current  wiring  is  treated,  with  explanations  of  the  power  factor,  conditions  calling 
for  various  sises  of  wire,  and  a  simple  way  of  obtaining  the  sises  for  single-phase,  two-phase 
and  three-phase  circuits.  This  is  the  only  complete  work  issued  showing  and  telling  you  what 
you  should  know  about  direct  and  alternating  current  wiring.  It  is  a  ready  reference.  The 
work  is  free  from  advanced  technicalities  and  mathematics,  arithmetic  being  used  throughout. 
It  is  in  every  respect  a  handy,  well-written,  instructive,  comprehensive  volume  on  wiring 
for  the  wireman,  foreman,  contractor,  or  electrician.  2nd  Revised  Edition.  303  pages.  130 
illustrations.    Price $1.50 


etric  Furnaces  and  their  Industrial  Applications.    By  J.  Wright. 

This  is  a  book  which  will  prove  of  interest  to  many  classes  of  people;  the  manufacturer  who 
denres  to  know  what  product  can  be  manufactured  successfully  m  the  electric  furnace,  the 
chemist  who  wishes  to  post  himself  on  the  elcctro-chcniiBtry,  and  the  student  of  sicienco  who 
merely  looks  into  the  subject  from  curiosity.  New,  Revised  and  Enlarged  Edition.  320 
Fully  illustrated,  cloth.     Price      $3,00 


etric  Toy  Making,  Dynamo  Building,  and  Electric  Motor  Construction. 

By  Prof.  T.  O'Conor  Sloane. 

This  work  treats  of  the  making  at  home  of  electrical  toys,  electrical  apparatus,  motors,  dynamos, 
and  instruments  in  i^eneral,  and  is  designed  to  bring  within  the  reach  of  young  and  old  the 
manufacture  of  genume  and  useful  electrical  appliances.  The  work  is  especially  designed  for 
amateurs  and  young  folks. 

Thousands  of  our  young  people  are  daily  experimenting,  and  busily  engaged  in  making  elec- 
trical toys  and  apparatus  of  various  kinds.  The  present  work  is  just  what  is  wanted  to  give 
the  much  needed  information  in  a  plain,  practical  manner,  with  illustrations  to  make  easy 
the  carrying  out  of  the  work.    20th  Edition.    Price $1»00 


etridty  Simplified.    By  Prof.  T.  O'Conor  Sloane. 

The  object  of  "Electricity  Simplified"  is  to  make  the  subject  as  plain  as  possible  and 
to  show  what  the  modern  conception  of  electricity  is;  to  show  how  two  plates  of  different 
metal,  immersed  in  acid,  can  send  a  message  around  the  globe;  to  explain  how  a  bundle  of 
copper  wire  rotated  by  a  steam  engine  can  be  the  agent  in  lighting  our  streets,  to  tell  what  the 
volt,  ohm  and  ampere  arc.  and  what  high  and  low  tension  mean;  and  to  answer  the  questions 
that  perpetually  arise  in  the  mind  in  this  age  of  electricity.  13th  Edition.  172  pages.  Illus- 
trated.    Price        • 91.00 
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House  Wiring:.     By  Tbomas  W    Po 
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How  to  Become  m  Successrul  electrician. 

teli^^  m^iUmpia"l^KiiKge  ISe  sur^t  aiid"«^«t"  a 
atudira  lo  be  [oUowcd.  motboiU  of  work,  field  ol  i 
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trmplinic  lorvodnniialudyboolutliiit  Brar&r  bvyoi 

pBg».     lllui'traled.  Price 

ManaKement  of  Drnatnos.    By  Lumuis-Pa- 

A  hunJbook  of  (henry  and  pratlii^e.  Thi<  work 
inv.TB  llif  rl^.ii.'nlorv  tl.™n-  of  Ihc  djTinmo.  Th 
□[  Ih<'  diirrrrnt  oIOHrn  uf  dynanioa  in  i^omiiion  lue 

ItJi'l^iljon.  ^M2pBge»ril7ill^i™tion«.    Price 

Pracdcsl  ElMtrlcltT.    By  Prof.  T.  O'Conoh 

This  nork  of  TH^  tnE»  wu  prFviousLy  known  ai 

1?  .-"verpd^Bilhin  "l^  1"^.=  "  AmoliK  -miil^'of  ^« 
Elei^lrip  Current  :iri.l  ■,:■■;,.  I.:. .  i-  .  i  liiTriiiitr 
Genemlion  Biid    I'tm      ..        'I'     '        \\.,.n. 

Dyosmou  ond  ,\[ -,  in.cn. 

Siuety  AppliixDci'^,   1>     ■       ■...■!       i-n    T.iRhl 

Telfphony,  Bp||-«VnN -.'  l"''.'  '■!,..,■  ,■,;',';'!  r^ltttri 
chnplcrs.  556  engraviogi.    Price 

Switobboards.    By  William  Baxteh,  Jr. 

of  thinmi  'K'TJk'Hi''ur^l7s™STiri  mndtii^ne' 
nhon.  by  dimn-nm  undillualrBlion  jusl  ho»  the  « 
dLrect  ind  .UeriiiiliiK  nirr™!  booniii.  alio  those 
ciromln.  flpi'rial  iiwitnierit  on  bigb  voltage  bos 
I0'>  pax™,  Illunlnitpd.     Pri™ 
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Eleetiical  Dictionary.    By  T.  O'Conor  Sloane. 

Ad  indkjpeiuable  work  to  all  interested  in  electrical  science.  Suitable  alike  for  the  student 
And  proiessional.  A  practical  handbook  of  reference  containing  deBnitions  of  about  5,000 
distinct  words,  terms  and  phrases.  The  definitions  are  terse  and  concise  and  include  every 
term  used  in  electrical  science.  Recently  issued.  An  entirely  new  edition.  Should  be  in  the 
poneasion  of  all  who  desire  to  keep  abreast  with  the  proRress  of  this  branch  of  science.  In 
ita  arrangement  and  typography  the  book  is  very  convenient.  The  word  or  term  defined  is 
fvinted  in  black-faced  type,  which  readily  catches  the  eye,  while  the  body  of  the  page  is  in 
■mailer  but  distinct  tsrpe.  The  definitions  are  well  worded,  and  so  as  to  be  understood  by  the 
ncm-teehnical  reader.  The  general  plan  seems  to  be  to  give  an  exact,  concise  definition,  and 
then  amplify  and  explain  in  a  more  popular  way.  Synonyms  are  also  given,  and  references 
to  other  words  and  phrases  are  made.  A  very  complete  and  accurate  index  of  fifty  pages 
is  at  the  end  of  the  volume;  and  as  this  index  contains  all  synonyms,  and  as  all  phrases  are 
Indexed  in  every  reasonable  combination  of  words,  reference  to  the  proper  place  in  the  body 
of  the  book  is  readily  made.  It  is  difficult  to  decide  how  far  a  book  of  this  character  is  to 
keep  the  dictionary  form,  and  to  what  extent  it  may  assume  the  encyclopedia  form.  For 
some  purposes,  concise,  exactly  worded  definitions  are  needed;  for  other,  purposes,  more 
extended  descriptions  are  required.  This  book  seeks  to  satisfy  both  demands,  and  does  it 
with  considerable  success.  682  pages,  393  illustrations.  12th  Edition. 
Price $3.06 


Batteries  Simplified.    By  Victor  W.  Pag£,  M.E. 

A  complete  treatise  on  storage  battery  ooerating  princinlen.  repairs  and  applications. 
The  greatly  increasing  application  of  storage  batteries  m  modern  engineering  and  mechanical 
work  has  created  a  demand  for  a  book  that  will  consider  this  subject  completely  and  exclu- 
sively. This  is  the  m<Mt  thorough  and  authoritative  treatise  ever  published  on  thin  subject. 
It  is  written  in  easily  understandable,  non-technical  language  so  that  any  one  may  grasp 
the  basic  principles  of  storage  battery  action  as  well  as  their  practical  industrial  applications. 
All  electric  ana  gasoline  automobiles  use  storage  batteries.  Kvery  automobile  repairman, 
dealer  or  salesman  should  have  a  good  knowledge  of  maintenance  and  repair  of  these  impor* 
tant  elements  of  the  motor  car  mechanism.  This  book  not  only  tells  how  to  charge,  care  for 
and  rebuild  storage  batteries  but  also  outlines  all  the  industrial  uhcs.  I  earn  how  they  run 
street  cars,  locomotives  and  factory  trucks.  Get  an  understanding  of  the  important  functions 
they  perform  in  submarine  boats,  isolated  lighting  plants,  railway  switch  and  signal  systems, 
marine  applications,  etc.  This  book  tells  how  they  are  used  in  central  station  standby  ^ervire, 
for  starting  automobile  motors  and  in  ignition  systems.  Kvery  practical  use  of  the  modem 
storage  battery  is  outlined  in  this  treatise.     320  pages,  fully  illustrated.    Price    .    .    .    $1,50 


l^hone  Construction,  Installation,  Wiring,  Operation  and  Maintenance. 

By  W.  H.  Radcliffe  and  H.  C.  Gushing. 

This  book  is  intende<i  for  the  amateur,  the  wireman,  or  the  engineer  who  desires  to  establish 
a  means  of  telephonic  communication  between  the  rooms  of  his  home,  office,  or  shop.  It 
deals  only  with  such  things  as  may  be  of  use  to  him  rather  than  with  theories. 
Gives  the  principles  of  construction  and  operation  of  both  the  Bell  and  Independent  instru- 
mentfi;  approved  methods  of  installing  and  wiring  them;  the  means  of  protecting  them 
jfrom  lightning  and  abnormal  currents;  their  connection  toeether  for  operation  as  series  or 
bridging  stations;  and  rules  for  their  inspection  and  maintenance.  Line  wiring  and  the  wiring 
and^  operation  of  special  telephone  systems  are  also  treated.  Intricate  mathematics  are 
avoided,  and  all  apparatus,  circuits  and  systents  are  thoroughly  described.  The  appendix 
contains  definitions  of  units  and  terms  uschI  m  the  text.  Selected  wiring  tablea.  which  are  very 
helpful,  are  also  included,  .\mong  the  subjects  treated  are  (Construction.  Operation,  and 
Installation  of  Telephone  Instruments;  In8j)ection  and  Maintenanee  of  Telephone  Instru- 
ments. Telephone  I..ine  Wiring;  Testing  Telephone  Line  Wires  and  Cables;  Wiring  and 
Operation  of  Special  Telephone  Systems,  etc.  2nd  Edition,  Revised  and  Enlarged.  223 
pages,  154  illustrations       $1*00 


ring  a  House.    By  Herbert  Pratt. 

8bow8  a  house  already  built;  tells  just  how  to  start  about  wiring  it;  where  to  begin;  what 
wire  to  use;  how  to  run  it  according  to  Insurance  Rules;  in  fact,  just  the  information  you 
need.    Directions  apply  equally  to  a  shop.    4ih  Edition.    PrK*e ^  CCntt 
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CondcoKn,  HcUiea,  Spark  Gus,  Anchor  Capt 
DetHlon,  etc.— Timing  and  Cmipliaf.  Tumng 
Dirrctivp  Wiivc  SystemB— MiKellBOBOui  Appari 
glatli-  Iiiurferenre—WireleH  Talfphooen,  Sdiui 
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GAS  ENGINES  AND  GAS 

^    GmaoUne  mod  Ofl  Engliies*     By  Gardner  D.  Hiscox.     Revised  by 
Victor  W.  PagA,  M.E. 

Just  iastied  New  1018  Edition,  Revised  and  Enlarged.  Every  user  of  a  gas  engine  needs 
this  book.  Simple,  instructive  and  right  up-to-date.  The  only  complete  work  on  the  subject. 
Tells  all  about  internal  combustion  engineering,  treating  exhaustively  on  the  design*  con- 
struction and  practical  application  of  all  forms  of  gas,  gasoline,  kerosene  and  crude  petroleum- 
oil  engines.  Uescribes  minutely  all  auxiliary  83r8tenu,  such  as  lubrication,  carburetion  and 
ignition.  Consideni  the  theory  and  management  of  all  forms  of  explosive  motors  for  sta- 
tumary  and  marine  work,  automobiles,  aeroplanes  and  motor-cycles.  Includes  also  Producer 
Gas  and  Its  Production.  Invaluable  instructions  for  all  students,  gas-engine  owners,  ga»- 
engineen,  patent  experts,  designers,  mechanics,  draftsmen  and  all  having  to  do  with  the 
modem  power  Illustrated  by  over  400  engravings,  many  specially  made  from  engineering 
drawings,  all  in  correct  proportion.    650  pages,  435  engravings.    Price  ....     $2.50  DCt 

e  Gasoline  Engine  on  the  Farm:  Its  Operation,  Repair  and  Uses.    By 

Xeno  W.  Putnam. 

This  is  a  practical  treatise  on  the  Gasoline  and  Kerosene  Engine  intended  for  the  man  who 
wants  to  know  just  how  to  manage  his  engine  and  how  to  apply  it  to  all  kinds  of  farm  woric 
to  the  best  advanta^. 

This  book  abounds  with  hints  and  helps  for  the  farm  and  suggestions  for  the  home  and  house" 
wife.  There  is  so  much  of  value  in  tnis  book  that  it  is  impossible  to  adequately  describe  it 
in  such  small  space.  SuflBce  to  say  that  it  is  the  kind  of  a  book  every  farmer  will  appreciate 
and  every  farm  homo  ought  to  have.  Includes  selecting  the  most  suitable  engine  for  farm 
work,  its  most  convenient  and  efficient  installation,  with  chapters  on  troubles,  their  remedies, 
and  how  to  avoid  them.  The  care  and  management  of  the  farm  tractor  in  plowing,  harrowing, 
harvesting  and  road  grading  are  fully  covered:  also  plain  directions  are  given  for  handling 
the  tractor  on  the  road.  Special  attention  is  given  to  relieving  farm  life  of  its  drudgery  by 
applsring  power  to  the  disagreeable  small  tasks  which  must  otherwise  be  done  by  hand.  Many 
home-maae  contrivances  for  cutting  wood,  supplying  kitchen,  garden,  and  bam  with  water, 
loading,  hauling  and  unloading  hay,  delivering  sprain  to  the  bins  or  the  feed  trough  are  in- 
cluded; also  full  directions  for  making  the  engine  milk  the  cows,  chum,  wash,  sweep  the 
house  and  clean  the  windows,  etc.  Very  fully  illustrated  with  drawings  of  working  parts  and 
cuts  showing  Stationary,  Portable  and  Tractor  Engines  doing  all  kinds  of  farm  work.  All 
money-making  farms  utilise  power.  Learn  how  to  utilise  power  by  reading  the  pages  of  this 
book.  It  is  an  aid  to  the  result  getter,  invaluable  to  the  up-to-<late  farmer,  student,  black- 
smith, implement  dealer  and,  in  fact,  all  who  can  apply  practical  knowledge  of  Btationary 
gasoline  engines  or  gas  tractors  to  advantage.    530  pages.    Nearly  180  engravings.    Price  ^,0^ 

WHAT  IS  SAID  OF  THIS  BOOK: 

**Am  much  pleased  with  the  book  and  6nd  it  to  be  verv  complete  and  up-to-date.  I  will 
heartily  recommend  it  to  students  and  farmers  whom  I  think  would  stand  in  need  of  such  a 
work,  as  I  think  it  is  an  exceptionally  good  one." — .V.  S.  Gardiner,  Prof,  in  Charge,  Clemson 
Agr.  College  of  S.  C;  Dept.  of  Agri.  and  Agri.  Exp.  Station,  Clcmaon  College,  S.  C. 

"I  feel  that  Mr.  Putnam's  book  covers  the  main  points  which  a  farmer  should  know." — R.  T. 
Burdickt  Instructor  in  Agronomy,  University  of  Vermont,  Burlington,  Vt. 

BoUne  Eng:ines:  Tlieli'  Operation,  Use  and  Care.    By  A.  Hyatt  Verrill. 

The  simplest,  latest  and  most  comprehensive  popular  work  published  on  Gasoline  Engines, 
describing  what  the  Gasoline  Engine  is:  its  conntruction  and  operation;  how  to  install  it; 
how  to  select  itj  how  to  use  it  and  how  to  remedy  troubles  encounteriKl.  Intended  for  Owners, 
Operators  and  t  sers  of  Gasoline  Motors  of  all  kinds.  This  work  fully  deHcribes  and  illustrates  the 
various  types  of  Gasoline  Engines  userl  in  Motor  Boats,  Motor  Vehicles  and  Stationary  Work. 
The  parts,  accessories  and  appliances  nre  deflcrihed  with  chapters  on  ignition,  fuel,  lubrication, 
operation  and  engine  troubles.  Special  attention  is  given  to  the  care,  operation  and  repair 
of  motors,  with  useful  hints  and  suggestions  on  emergency  repairs  and  makeshifts.  A  com- 
plete glossary  of  technical  terms  and  an  alphabetically  arranged  table  of  troubles  and  their 
ssrmptoms  form  most  valuable  and  unique  features  of  this  manual.  Nearly  every  illustration 
in  the  book  is  original,  having  been  made  by  the  author.  Every  page  is  full  of  interest  and 
value.  A  book  which  you  cannot  afford  to  be  without.  275  pages,  152  specially  made 
engravings.     Price $1«60 
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Gas  Eng:lne  Construction,  or  How  to  Build  a  Half-horsepower  Gas 

By  Parsell  and  Weed. 

A  pi^ctical  treatise  of  300  pages  describing  the  theory  and  principles  oC  the  ad 
Engines  of  various  tsrpea  and  the  design'  and  conntruction  of  a  half-hoTBepower  C 
with  illustrations  of  the  work  in  actual  progress,  together  with  the  dinaenaioned  wo) 
ings,  giNdng  clearly  the  sizes  of  the  various  details;  for  the  student,  the  scientific  h 
and  the  amateur  mechanic.  This  book  treats  of  the  subject  more  from  the  sti 
practice  than  that  of  theory.  The  principles  of  operation  of  Gas  Engines  are 
simply  described,  and  then  the  actual  construction  of  a  half-horsepower  eni^ne  i: 
step  by  step,  showing  in  detail  the  making  of  the  Gas  Engine.  3rd  Edition. 
Price •. 

How  to  Bun  and  Install  Two-  and  Four-Cyde  Marine  Gasoline  J 

By  C.  Von  Culin. 

Revised  and  enlarged  edition  Just  issued.  The  object  of  thu  little  book  is  to  furrn 
instructor  for  the  beginner,  the  busy  man  who  uses  an  engine  for  piea^ure  or  prof 
does  not  have  the  time  or  inclination  for  a  technical  book,  but  simply  to  ttioroui 
stand  how  to  properly  operate,  install  and  care  for  his  own  engine.  1  he  index  rei 
trouble,  remecfy,  and  subiect  alphabetically.  Being  a  quick  reference  to  find  the  eai 
ani  prevention  for  troubles,  and  to  become  an  expert  with  his  own  en4pne.  I 
Paper  binding.     Price 

Mod^n  Gas  Eng:ines  and  Producer  Gas  Pluits.    By  R.  E.  Mathot. 

A  guide  for  the  gas  engine  desif^ner,  user,  and  engineer  in  the  construction,  selectioc 
installation,  operation,  and  niamtenance  of  gas  engines.  More  than  one  book  on 
has  been  written,  but  not  one  has  thus  far  even  encroached  on  the  field  covered  b} 
-  Above  all.  Mr.  Mathot's  work  is  a  practical  guide.  Recognizing  the  need  of  a  v 
would  assist  the  gas  engine  user  in  understanding  thoroughly  the  motor  upon  which 
for  power,  the  author  has  discussed  his  subject  without  the  help  of  any  mathematic 
out  elaborate  theoretical  explanations.  Every  part  of  the  gas  engine  is  describe 
tersely,  clearly,  with  a  thorough  understanding  of  the  requirements  of  the  roeeha; 
ful  suggestions  as  to  the  purchase  of  an  engine,  its  installation,  care,  and  operab 
most  valuable  feature  of  the  work.     320  pages,  175  detailed  illustrations.     Pnce  . 

The  Modem  Gas  Tractor.    By  Victor  W.  Pag6,  M.E. 

A  complete  treatise  describing  all  types  and  sixes  of  gasoline,  kerosene  and  oil  trac 
aiders  qosign  and  construction  exhaustively,  gives  complete  instructions  for  care,  op 
repair,  outlines  all  practical  applications  on  the  road  and  in  the  field.  The  best 
work  on  farm  tractors  and  tractor  power  plants.  A  work  needed  by  farmera,  stud< 
smiths,  mechanics,  salesmen,  implement  dealers,  designers  and  engineers.  2nd  £ 
vised.     504  pages,  228  illustrations,  3  folding  plates.     Price 

GEARING  AND  CAMS 

Change  Gear  Devices.    By  Oscar  £.  PERRiao. 

A  practical  book  for  every  designer,  draftsman,  and  mechanic  interested  in  the  m\ 
development  of  the  devices  for  feed  changes  on  the  different  machines  requiring  such  i 
All  the  necessary  information  on  this  subject  is  taken  up,  analysed,  classified,  sifte 
cent  rated  for  the  UKe  of  busy  men  who  have  not  the  time  to  go  through  the  masses  o 
matter  with  whicli  such  a  subject  is  usually  encumbered  and  select  such  informa 
be  useful  to  them. 

It  shows  just  what  has  been  done,  how  it  has  been  done,  when  it  was  done,  and 
It  saves  time  in  hunting  up  patent  records  and  re-inventing  old  ideas.     88  paces.     2 
Price 

Drafting  of  Cams*    By  Louis  Rouillion. 

The  laying  out  of  cams  is  a  serious  problem  unless  you  know  bow  to  go  nt  it  ri^t. 
you  on  the  right  road  for  practically  any  kind  of  cam  you  are  likely  to  run  up  IM 
Edition.     Price 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS    23 


Tables.    By  D.  Ag.  Engstrom. 

A  book  that  will  at  once  commend  itself  to  mechanics  and  draftsmen.  Does  away  with  all 
the  triiODoroetry  and  fancy  figuring  on  bevel  gears,  and  makes  it  easy  for  anyone  to  lay  them 
out  or  make  them  just  right.  There  are  36  full-page  tables  that  show  every  necessary  dimen- 
iioii  for  all  siies  or  combinations  jrou're  apt  to  need.  No  puzsling,  figuring  or  guessing.  Gives 
pPiF^"g  distance,  all  the  angles  (including  cutting  angles^  and  the  correct  cutter  to  use.  A 
eopy  of  this  prepares  you  for  anything  in  the  bevel-gear  line.     3rd  Edition.     6&  pages. 

$1.M 


HTDBAUUCS 

*  <  — 

bmnllc  Englneeriiig.    By  Gardner  D.  Hiscox. 

t  A  trpatise  on  the  properties,  power,  and  resources  of  water  for  all  purp^Jses.  Including  the 
mearturement  of  streams,  the  flow  of  water  in  pipes  or  conduits;  the  horsepower  of  falling  water, 
lurl»ne  and  impcurt  water-wheels,  wave  motors,  centrifugal,  reciprocating  and  air-lift  pumps. 
With  300  figures  and  diagrams  and  30  practical  tables.  All  who  are  interested  in  water-works 
development  will  find  this  book  a  useful  one,  because  it  is  an  entirely  practical  tre4itise  upon 

;  ft  subject  of  present  importance  and  cannot  fail  in  having  a  far-reaching  influence,  and  for  this 
leaaon  ehould  have  a  place  in  the  working  library  of  every  engineer.  Among  the  subjects 
treated  are:  Historical  liydraulics;  Properties  of  Water;  Measurement  of  the  Flow  of  Streams; 
Flow  from  8ub-surtace  Orifices  and  Nozzles;  Flow  of  Water  in  Pipes;  Siphons  of  Various 
Kinds;  Dams  and  Great  Storage  Reservoirs;  City  and  ToM-n  Water  Supply;  Wells  and  Their 
Reinforcement;  Air-lift  Methods  of  Raising  Water;  Artesian  Wells;  Irrigation  of  Arid  Dis- 
tricts; Water  Power;  Water  Wheels;  Pumps  and  Pumping  Machinery;  Reciprocating  Pumps; 
Hydraulic  Power  Transmission;  Hydraulic  Mining;  Canals;  Ditches;  Conduits  and  Pipe 
lanee;  Marine  Hydraulics;  Tidal  and  Sea  Wave  Power,  etc.     320  pages.     Price  .    .    .  ^^(^ 


ICE  AND  REFRIGERATION 

eketbook  of  BeMgeratlon  and  Ice  Making.    By  A.  J.  Wallis-Taylor. 

This  is  one  of  the  latest  and  most  comprehensive  reference  books  published  on  the  subject  of 
refrigeration  and  cold  storage.  It  explains  the  properties  and  refrigerating  ciTort  of  the  dif- 
ferent fluids  in  use,  the  management  of  refrigerating  machinery  and  tlie  construction  and  insu- 
lation of  cold  rooms  with  their  required  pipe  surface  for  different  degrees  of  cohl;  freezing 
mixtures  and  non-freezing  brines,  temperatures  of  cold  rooms  for  all  kinds  of  provit^ions.  cold 
■torage  charges  for  all  classes  of  goods,  ice  making  and  storage  of  ice,  liutu  and  memoranda 
for  constant  reference  by  refrigerating  engineers,  with  nearly  one  hundro<l  tables  containing 
valuable  references  to  every  fact  and  condition  required  iu  the  installment  and  operation  of  a 
refrigerating  plant.     New  edition  just  published.     I'rice $1*50 


INVENTIONS— PATENTS 

roitors*  Manual:   How  to  Make  a  Patent  Pay. 

This  is  a  book  designed  as  a  guide  to  inventors  in  perfecting  their  inventions,  taking  out  their 

Bitents  and  disposing  of  them.  It  is  not  in  any  sense  a  Patent  Solicitor's  Circular  nor  a  Patent 
roker's  Advertisement.  No  advertisements  of  any  description  appear  iu  the  work.  It  is  a 
book  containing  a  quarter  of  a  century's  experience  of  a  successful  inventor,  tog(rther  with 
notes  based  upon  the  experience  of  many  other  inventors. 

Among  the  subjects  treated  in  this  work  arc:  How  to  Invent.  How  to  Secure  a  Good  Patent. 
Value  of  Good  Invention.  How  to  Exhibit  an  Invention.  How  to  Interest  Capital.  How 
to  EJstimate  the  Value  of  a  Patent.  Value  of  Design  Patents.  Valur  of  Foreign  Patents. 
Value  of  Small  Inventions.  Advice  on  Selling  Patents.  Advice  on  the  Formation  of  Stock 
Companies.  .Ad\'ice  on  the  Formation  of  Limite<l  Liability  Companies.  Advice  on  Disposing 
of  old  Patents.  Advice  as  to  Patent  Attorneys.  Advico  as  to  Selling  Agents.  Forms  oi 
Assignments.  License  and  Contracts.  State  Laws  Concerning  Patent  Hittht.-*.  1900  Census 
of  the  United  States  by  Counts  of  Over  10,000  Population.  UeviseH  E>lition.  120  t  ages. 
Price $1.00 
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KNOTS 

Knots,  Splices  and  Rope  Work.    By  A.  Hyatt  Verrhj^. 

This  is  a  practical  book  giving  complete  and  rimple  directioDs  for  mnlring  aS 
and  ornamental  knots  in  common  use,  with  ohai>terB  on  Splicins.  Potnting, 
etc.  This  book  is  fully  illustrated  with  154  original  engravinga,  which  show 
tie  or  splice  is  formed,  and  its  appearance  when  finished.  The  book  will  be  foui 
value  to  Campers,  Yachtsmen,  Travelers,  Boy  Scouts,  in  fact,  to  anyone  hi 
use  or  handle  rope  or  knots  for  any  purpose.  The  book  is  thorou^Uv  reliab 
and  is  not  only  a  guide,  but  a  teacher.  It  is  the  standard  work  on  the  aubjt 
contents  are:  1.  Cordage,  Kinds  of  Rope.  Construction  of  Rope,  Parta  of 
Bolt  Rope.  Strength  of  Rope.  Weight  of  Rope.  2.  Simple  Knots  and  Bene 
in  Handling  Rope.  Seising  Rope.  3.  Ties  and  Hitches.  4.  Noose,  Iioof 
Knots.  '  5.  Shortenings,  Grommets  and  Salvages.  6.  Lashings,  Setsings  : 
Fancy  Knots  and  Rope  Work.  128  pages,  150  original  engravinga.  2nd  ] 
Price 


LATHE  WORK 

Lathe  Deslf^i*  Construction,  and  Op^vtion,  with  Prmctica]  ] 
Lathe  Work.    By  Oscar  E.  Perriqg. 

A  new,  revised  edition,  and  the  only  complete  American  work  on  the  aubjc 
man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  h 
how  to  convey  this  knowledge  to  others.  It  is  strictly  up-to-date  in  its 
illustrations.  I^the  history  and  the  relations  of  the  lathe  to  manufactt 
also  a  description  of  the  various  devices  for  feeds  and  thread-cutting  mechai 
efforts  in  this  direction  to  the  present  time.  Lathe  design  is  thoroughly  d 
ing  back  gearing,  driving  cones,  thread-cutting  gears,  and  all  Ihe  e— ential 
modern  lathe.  The  classification  of  lathes  is  taken  up.  giving  the  easenti 
the  several  types  of  lathes  including,  as  is  usually  understood,  engine  lathi 
speed  lathes,  forge  lathes,  ^ap  lathes,  pulley  lathes,  forming  lathea,  multipl 
rapid-reduction  lathes,  precision  lathes,  turret  lathee,  special  lathea.  electrieal 
etc.  In  addition  to  the  complete  exposition  on  construction  and  design, 
matter  on  lathe  installation,  care  and  operation  has  been  incorporated  in  t 
edition.  All  kinds  of  lathe  attachments  for  drilling,  milling,  etc.,  are  de» 
plete  instructions  are  given  to  enable  the  no\ice  machinist  to  Snup  the  art  o 
as  well  as  the  principles  involved  in  design.  A  number  of  difficult  mach 
are  described  at  length  and  illustrated.  The  new  edition  has  nearly  500  pag 
trations.     Price 

WHAT  IS  SAID  OF  THIS  BOOK: 

"Thin  i.s  a  lathe  book  from  befdnning  to  end.  and  is  just  the  kind  of  a  boo 
lifchtH  to  consult — a  mat»terly  treatment  of  the  subject  in  hand." — Enifineerii 
"Thiis  uork  will  be  of  exceptional  interest  to  any  one  who  is  interested  in  L 
one  very  wldom  sees  such  a  complete  treatise  on  a  subject  as  this  ia  <m  thi 

dian  Machinery. 

Practical  Metal  Turning.     By  Joseph  G.  Hornee. 

A  work  of  4'M  pages,  fully  illustrated,  covering  in  a  comprehensive  manner  t 
tire  of  machining  met-al  i>artM  in  the  latlie,  including  the  regular  engine  la 
desifcn,  its  u.ses.  it^  tools,  its  attachments,  and  the  manner  of  holding  the  wc 
inK  the  operations.  The  modernized  engine  lathe,  its  methods,  toola  and  gre« 
rate  work.  The  turret  lathe,  its  tools,  accessories  and  methods  of  perfofini 
Chapters  on  special  work,  grinding,  tool  holders,  speeds,  feeds,  modem 
Second  edition 


Turning  and  Boring  Tapers.    By  Fred  H.  Colvtn. 

There  are  two  wava  Vo  Vuttv  v^\iQT%\  W\v5  \\^\V  ^vj  ^'cA  ««r.  ^n!ci«c.     Thia  ti 
with  the  ritthl  wviv;   "\l  UA\ft  now\\ov;  \o  %\at\  x3ws  ^ wV  vx^s^^ec^  ,^-w«  >^'«i, 
toolH  to  use  and  \\ov.-  to  uw.  \Wm,  «.xv^\otv^'  ^xvC^  ^x.^  <.v\v«\x>.^'«.SW^ 
Fourth  o<litiou 


F 
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LIQUID  Am 

Air  and  the  Ltqaefactloii  of  Gases*    By  T.  O'Conor  Sloanb. 

This  book  wivn  the  history  of  the  theory,  discovery  and  manufacture  of  Liauid  Air,  and 
flontains  an  iJlustrated  description  of  all  the  experiments  that  have  excited  the  wonder  of 
andienoes  all  over  the  country.  It  shows  how  liquid  air,  like  water,  is  carried  hundreds  of 
mUes  and  is  handled  in  open  buckets.  It  tells  what  may  be  expected  from  it  in  the  near 
fuiare. 

A  book  that  renders  simple  one  of  the  most  perplexing  chemical  problems  of  the  century. 
8Uuriling  developments  illustrated  by  actual  expermfients. 

It  H  not  only  a  work  of  scientific  interest  and  authority,  but  is  intended  for  the  general  reader, 
written  in  a  p<q>ular  style — easily  understood  by  every  one.      Second  edition.     365 

Price $2.(NI 

LOCOMOTIVE  ENGINEERING 


■Brake  Catechism.    By  Robert  H.  Blackall. 

This  book  is  a  standard  text-book.  It  covers  the  Westinghouse  Air-Brake  Equipment, 
including  the  No.  5  and  the  No.  6  E.-T.  locomotive  Brake  Equipment;  the  K  (Quick  Ser* 
▼ice)  Triple  Valve  for  Freight  Service;  and  the  Cross-Compouna  Pump.  The  operation  of 
all  parts  of  the  apparatus  is  explained  in  detail,  and  a  practical  way  of  finding  their  pecu- 
liarities and  defects,  with  a  proper  remedy,  is  given.  It  contains  2,000  questions  with  their 
anawers,  which  will  enable  any  railroad  man  to  pass  any  examination  on  the  subject  of 
Air  Brakes.  Endorsed  and  used  by  air>brake  instruotora  and  examiners  on  nearly  cvenr 
railroad  in  the  United  States.  Twenty-sixth  edition.  411  pages,  fully  illustrated  wi^ 
colored  plates  and  diagrams.     Price $2»00 

flVfean  Compound  LoeomotlTes.    By  Fred  H.  Colvin. 

The  only  book  on  compounds  for  the  engineman  or  shopman  that  shows  in  a  plain,  prao* 
tieal  way  the  various  features  of  compound  locomotives  in  use.  Shows  how  they  are  made, 
what  to  do  when  they  break  down  or  balk.  Contains  sections  as  follows:  A  Bit  of  History. 
Theory  of  Compounding  Steam  Cylinders.  Baldwin  Two-C^ylinder  Compound.  Pittsburg 
Two-Cylinder  Compouna.  Rhoee  Island  Compound.  Richmond  Compound.  Rogers  Com- 
pound. Schenectatqr  Two-Cvlinder  C-ompound.  Vauclain  Compound.  Tandem  Compounds. 
Baldwin  Tandem.  The  Colvin-Wightman  Tandem.  Schenectady  Tandem.  Balanced 
Locomotives.  Baldwin  Balanced  Compound.  Plans  for  Balanrmg.  Locating  Blows. 
Breakdowns.  Reducing  Valves.  Drifting.  Valve  Motion.  Disconnecting.  Power  of  Com- 
pound Locomotives.    Practical  Notes. 

Fully  illustrated  and  containing  ten  special  "Duotone"  inserts  on  heavy  Plato  Paper,  show- 
ing different  types  of  Compounds.     142  pages.    Price $1*06 

^cation  of  Highly  Superheated  Steam  to  LoconiotI?es.    By  Robert 
Garbe. 

A  practical  book  which  cannot  be  recommended  too  highly  to  those  motive-power  men  who 
are  anxious  to  maintain  the  highest  efficiency  in  thoir  locomotives.  Containe!>  special  chap- 
ters on  Generation  of  Highly  Superheated  Steam;  Superheated  Steam  and  the  Two-Cylinder 
Simple  Engine;  Compounding  and  Superheating;  Designs  of  Locomotive  Superheaters: 
Constructive  Details  of  Ix)comotivc8  Usmg  Highly  Superheated  Steam.  Experimental  and 
Working  Results.    Illustrated  with  folding  plates  and  tables.    Cloth.     Price  ....     $!3,50 

nliiistion  of  Coal  and  the  Prevention  of  Smoke.    By  Wm.  M.  Barb. 

This  book  has  been  prepared  with  si>ecial  reference  to  the  generation  of  heat  by  the  com* 
bustion  of  the  common  fuels  found  in  the  United  States  and  doals  particularly  with  th« 
conditions  necessary  to  the  economic  and  smokel<»s  combustion  of  bituminous  coal  in  Sta- 
tionary and  Locomotive  Steam  Boilers. 

Presentation  of  this  important  subject  is  ssrstematic  and  progressive.  The  arrangement  of 
the  b5>ok  is  in  a  series  of  practical  questions  to  which  are  appended  accurate  answers,  which 
describe  in  langxiage  free  from  technicalities  the  several  i^rocesses  involved  in  the  furnace 
combustion  of  American  fuels;  it  clearly  states  the  essential  requisites  for  perfect  combus- 
tion, and  points  out  the  best  methods  of  furnace  construction  for  obtaining  the  greatest 
quantity  of  heat  from  any  given  quality  of  coal.  Nearly  350  pages,  fully  illustrated. 
Prioe ••• $1«99 
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■Ileal   Instructor  and  lieference  Book  for  Locomotive  Firemen  and 
[Bmsineers.    By  Chas.  F.  Lockhart. 

r^'  An  entirely  new  book  on  the  Locomotive.  It  appeals  to  every  railroad  man,  as  it  tells  him 
how  things  are  done  and  the  rijEht  way  to  do  tbe.n.  Written  by  a  man  who  has  had  years  of 
practical  ezperienoe  in  locomotive  shops  and  on  the  road  hring  and  running.  The  information 
siven  in  this  book  cannot  be  found  in  any  other  similar  treatise.  Eight  hundred  and  fifty-one 
Questions  with  their  answers  are  included,  wliich  will  prove  specially  helpful  to  those  preparing 
lor  examination.  Practical  information  on:  The  C^ousiruction  and  Operation  of  Locomotives, 
Breakdowns  and  their  Remedies,  Air  Brakes  and  Valve  Gears.  Rules  and  Signals  are  handled 
in  a  thorough  manner.  As  a  book  of  reference  it  cannot  be  excelled.  The  book  is  divided 
into  six  parts,  as  follows:  I.  The  Fireman's  Duties.  2.  General  Description  of  the  Locomotive. 
3.  Breakdowns  and  their  Remedies.  4.  Air  Brakes.  5.  Extracts  from  Standard  Rules. 
O.  Questions  for  Examination.  The  851  questions  have  been  carefully  selected  and  arranged, 
cover  the  examinations  required  by  the  diflferent  railroads.     368  pages,  88  illustrations. 

$1.50 


rantlon  of  Railroad  Accidents,  or  Safety  In  Railroading*    By  George 
Bradshaw. 

This  book  is  a  heart-to-heart  talk  with  Railroad  Employees,  dealing  with  facts,  not  theories, 
and  showing  the  men  in  the  ranks,  from  every-day  experience,  how  accidents  occur  and  how 
they  may  be  avoided.  The  book  is  illustrated  with  seventy  originbl  photographs  and  drawings 
showing  the  safe  and  unsafe  methods  of  work.  No  visionary  schemes,  no  ideal  pictures. 
Just  Plain  Facts  and  Practical  Suggestions  arc  given.  Every  railroad  employee  who  reads  the 
book  is  a  better  and  safer  man  to  have  in  railroad  service.  It  gives  just  the  information  which 
will  be  the  means  of  preventing  many  injuries  and  deaths.  All  railroad  emplovees  should 
procure  a  copy,  read  it,  and  do  thcor  part  m  preventing  accidents.  169  pages.  Pocket  sixe. 
fHUly  illustrated.     Price 50  ccntS 

An  Rule  Examinations  Made  Easy.    By  G.  E.  Collingwood. 

Thia  is  the  only  practical  work  on  train  rules  in  print.  Every  detail  is  covered,  and  puzzling 
points  are  explained  in  simple,  comprehensive  language,  making  it  a  practir^tl  treatise  for  the 
Train  Dispatcher,  Engineman,  Trainman,  and  all  others  who  have  to  do  with  the  movements 
of  trains.  Contains  complete  and  reliable  information  of  the  Standard  Co<lc  of  Train  Rules 
for  single  track.  Shows  Sifpials  in  Colors,  as  used  on  the  difTerent  roads.  Explains  fully  the 
practical  application  of  tram  orders,  giving  a  clear  and  definite  understanding  of  all  orders 
which  may  be  used.  The  meaning  and  necessity  for  certain  rules  are  explaiiicil  in  such  a 
manner  that  the  student  may  know  beyond  a  doubt  the  rights  conferred  under  any  orders  ho 
may  receive  or  the  action  required  by  certain  rules.  As  nearly  all  road.-*  recmire  trainmen  to 
paaa  regular  examinations,  a  complete  set  of  examination  questions,  with  their  nnswors,  are 
included.  These  will  enable  the  student  to  pass  the  required  exaininutioiis  with  credit  to 
himself  and  the  road  for  which  he  works.  2na  Pklition,  Revised.  256  pages,  fully  illustrated, 
with  Train  Signals  in  Colors.     Price $1«!S5 

e  Walschaert  and  Other  Modern  Radial  Valve  Gears  for  Locomotives. 
By  \Vm.  W.  Wood. 

If  you  would  thoroughly  understand  the  Walschaert  Valve  Gear  you  should  possess  a  copy 
of  this  book,  as  the  author  takes  the  plainest  form  of  a  steam  engine — a  Htationary  engine  in 
the  rough,  that  vrill  only  turn  it«  crank  in  one  direction — and  from  it  builds  up,  with  the  read- 
er's help,  a  modern  locomotive  equipped  with  the  Walschaert  Valve  Gear,  complete.  The 
points  aiscussed  are  clearly  illustrated:  Two  large  folding  plates  that  show  the  positions  of 
the  valves  of  both  inside  or  outride  admission  type,  a.«»  well  as  the  links  and  other  parts  of  the 
pear  when  the  crank  is  at  nine  different  points  in  its  revolution,  are  especially  valuable  in  mak- 
ing the  movement  clear.  These  employ  sliding  cardboard  models  which  are  contained  in  a 
pocket  in  the  cover. 

The  book  is  divided  into  five  general  divisions,  as  follows:  1.  Analysis  of  the  gear.  2.  De- 
signing and  erecting  the  gear.  3.  Advantages  of  the  gear.  4.  Questions  and  answers  relating 
to  the  Walschaert  Valve  Gear.  5.  Setting  valves  with  the  Walschaert  Valve  Gear;  the  three 
primary  tvpes  of  locomotive  valve  motion;  modern  radial  valve  gears  other  than  the  Wal- 
schaert: the  Hobart  All-free  Valve  and  Valve  Gear,  with  questions  an<l  answers  on  breakdowns: 
the  Baker-Pilliod  Valve  Gear;  the  Improved  Baker-Pilliod  Valve  Gear,  with  questions  ana 
answers  on  breakdowns. 

The  questions  with  full  answers  given  will  be  especially  valuable  to  firemen  and  engineers  in 
preparing  for  an  examination  for  promotion.     245  pages.    3rd  Revised  Edition.     Price   1(1,50 
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Westlnghoose  E-T  Alr-Brake  Instruetion  Pocket  Book.    By  We 

Air-Brake  Instructor. 

Here  is  a  book  for  the  railroad  man,  and  the  man  who  aims  to  be  one.  It  ii 
the  only  complete  work  puoliahed  on  the  Westin^bouae  E-T  LocomoUve  Bra 
Written  by  an  Air-Brake  Instructor  who  knows  just  what  is  needed.  It  eov 
thoroughly.  Everything  about  the  New  Westinghouse  Engine  and  Tender 
ment,  includinij^  the  standard  No.  5  and  the  Perfected  No.  6  style  of  brake,  is  ti 
Written  in  plam  Englisn  and  profusely  illustrated  with  Colored  Plates,  whid 
trace  the  flow  of  pressures  throughout  the  entire  equipment.  The  best  book 
on  the  Air  Brake.  F-qually  good  for  the  beginner  and  the  advanced  engineer, 
one  through  any  examination.  It  informs  and  enlightens  3rou  on  every  pcnnt. 
to  every  engineman  and  trainman. 

Contains  examination  questions  and  answers  on  the  E-T  equipment.  Coverin 
Brake  is.  How  it  should  be  operated.  What  to  do  when  defective.  Not  s 
asked  of  the  engineman  up  for  promotion,  on  either  the  No.  5  or  the  No.  6 
that  is  not  asked  and  answered  m  the  book.  If  you  want  to  thoroughly  undi 
eqi:ipment  get  a  copy  of  this  book.  It  covers  every  detaiL  Makes  Aur-Bra 
examinations  easy.     Price 


MACHINE-SHOP  PKACTICE 

American  Tool  Making  and  Interchangeable  Manafacturlni 

WOODWORTH. 

A  "shoppy"  book,  containing  no  theorizing,  no  problematical  or  experimental 
are  no  badly  proportioned  and  impossible  diagrams,  no  catalogue  cuts,  but  i 
tion  of  drawings  and  descriptions  of  devices,  the  rich  fruits  of  the  author's 
In  its  500-odd  pages  the  one  subject  only.  Tool  Making,  and  whatever  r^te« 
with.  The  work  stands  without  a  rivaL  It  is  a  complete,  practical  treati 
American  Tool  Making  and  system  of  interchangeable  manufacturing  as  can 
the  United  States.  In  it  are  described  and  illustrated  all  of  the  diflferent  tyi 
small  tools,  fixtures,  devices,  and  special  appliances  which  are  in  general  us 
manufacturing  and  metal-working  establishments  where  economy,  capacity, 
ability  in  the  production  of  machined  metal  parts  are  imperative.  Tne  aciei 
is  exhaustively  discussed,  and  particular  attention  is  paid  to  drill  iigs,  bori 
milling  fixtures  and  other  devices  in  which  the  parts  to  be  machined  are  Iocs 
within  the  contrivances.  All  of  the  tools,  fixtures,  and  devices  illustrated  an 
been  or  arc  used  for  the  actual  production  of  work,  such  as  parts  of  drill  prrnoco 
machinery,  typewriters,  electrical  apparatus,  mechanical  appliances,  brass  gc 

garts,  mould  products,  sheet-metal  articles,  drop-forgings,  jewelry,  watches,  b 
31  pages.     Price 


HENLEY'S  ENCYCLOPEDIA  OF  PRACTICAL  ENGINEERING  I 
TRADES.    Edited  by  Joseph  G.  Horner,  A.M.I.,  M.E. 

This  set  of  five  volumes  contains  about  2.500  pages  with  thousands  of  illust 
diagrammatic  and  sectional  drawings  with  full  explanatory  details.  This 
entire  practice  of  Ci\'il  and  Mechanical  Engineering.  The  best  known  expei 
of  em^incering  have  contributed  to  these  volumes.  The  Cyclopedia  is  admin 
to  the  needB  of  the  bei^inner  and  the  self-taught  practical  man,  as  weP.  s 
engineer,  designer,  draftsman,  shop  superintendent,  foreman,  and  machijiiist 
be  found  a  means  of  advancement  to  any  progressive  man.  It  is  encyclope« 
ough  and  prartioa]  in  its  treatment  on  technical  subjects,  simple  and  clear 
matter,  and  without  unnecessary  technicalities  or  formulae.  The  articles  ar 
be  and  ypt  give  a  reasonably  clear  and  exniicit  statement  of  the  subject,  ai 
men  who  have  had  ample  practical  experience  in  the  matters  of  which  the 
you  all  you  want  to  know  about  engineering  and  tells  it  so  simply,  so  dearly, 
one  cannot  help  hut  understand.     As  a  work  of  reference  it  is  without  a 


set  of  five  volumes,  price 


Threads  and  Thread  Cutting.    By  Colvin  and  Stabel. 

This  clears  up  raAuy  o\  \,\\e  tuv%VeT\«%  o\  \\\Tfc^-<.>\vCvw«..  %\wi3ci  %^  ^sso^dMi 
in ter nal  threada,  calcXuti?^  iVxtcaA*,  uw  o\  \vc}c»,  ^v^.  C^>x\»x«a  %.va.  ^  -— 
tables.     Third  edxUou.    Prvcft 
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THE  WHOLE  FIELD  OF  MECHANICAL  MOVEMENTS 
COVERED  BT  MB.  HISCOX'S  TWO  BOOKS 

Wm  publish  tico  hooka  by  Oardner  D.  Hiaeox  that  will  keep  you  from  "inventing"  thinga  that  hava 
m  done  before,  and  ntggeat  waya  of  doina  things  that  you  hate  not  thought  of  before.  Many  a 
m  awTul*  time  and  money  pondering  orer  aome  mechanical  problem,  only  to  learn,  after  he 

•  solved  the  problem,  that  the  aamr  thiny  has  been  aecompliahed  and  put  in  practice  by  others 

iong  before.  Time  and  money  »P"U  in  an  effort  to  accompli*h  what  htix  already  been  aecompliahed 
arw  lime  and  money  LOST.  The  whole  field  of  merhanica,  exery  known  mechanical  motement, 
and  praetietUly  etery  dtaies  are  rotered  by  these  two  books.  If  the  thing  you  uhiiU  has  been  inrented, 
it  M  illustrated  in  them.  If  it  hasn't  been  invented,  then  you'll  find  in  thtm  thv  nearest  things 
to  what  you  want,  some  movements  or  devices  that  u*ill  apply  in  your  ctise,  perhaps;  or  which 
wilf  give  you  a  key  from  which  to  loork.  No  book  or  set  of  books  ever  published  is  of  more  real 
vaitM  to  the  Inventor,  Draftaiman,  or  practical  Mechanic  than  the  two  volumes  described  below. 


dimnical  Movements,  Powers,  and  Devices.    By  Gardner  D.  Hiscox. 

Thin  is  a  collftction  of  l.ROO  enKravinKS  of  difTerrnt  mrchanioal  motions  and  applianccn,  ao- 
comi^aniod  by  appropriate  text,  makius  it  a  book  of  Kreat  value  to  tho  inventor,  the  drafts- 
man, and  to  all  reaaers  with  mechanical  tasten.  The  lK>ok  'm  divided  into  ciRhtevn  sections 
or  chapten,  in  which  the  subject-matter  is  rlamified  under  the  following  headj>:  Mechanical 
Powers;  Transmission  of  Power;  Measurement  of  Power;  Steam  Power;  Air  Power  Appli- 
ancra;  Electric  Power  and  Construction;  Navigation  and  Uoadu;  (lenring;  Slotion  and 
I>evices:  Controlling  Motion;  HorologicAl;  Mining:  Mill  and  Factory  Appliances;  Con- 
Btniction  and  Devices;  Drafting  Devices;  Miscellaneous  Devices,  etc.  15th  Edition.  400 
octavo  pages.    Price $3.01 


ehanical  AppUances,  Mechanical  Moyements  and  Noyeltles  of  Construc- 
tloii.    By  Gardner  D.  Hiscox. 

This  is  a  supplementary  volume  to  the  one  upon  mechanical  movements.  Unlike  the  first 
volunie,  which  is  more  elementary  in  character,  this  volume  contaiim  illustrationH  uiid  de- 
■criptions  of  many  combinations  of  motions  and  of  mechanieul  devices  and  applianiH-H  found 
in  aifTerent  lines  of  machinery,  each  device  being  .shown  by  a  line  drawing  with  ti  (Ic^rription 
■hqwing  its  working  parts  and  the  method  of  operation.  Froin  the  multitude  of  do  vires  de- 
scribed and  illustrated  might  be  mentioned,  in  piiy.sing,  such  iti>mu  un  eonveyorN  and  elevators. 
Pony  brakes,  thermometers,  various  types  of  boilers,  solar  engines,  oil-fuel  burners,  eoiidenheni, 
evaporators,  Corliss  and  other  valve  gears,  governors,  ^as  engineH,  water  motors  uf  various 
descriptions,  air  ships,  motors  and  dynamos,  automobde  and  motor  bio'<-l^-'*>  niilway  lock 
8ignal.<4,  car  couplers,  link  and  gear  motioas.  ball  bearings,  breech-block  mp('h:ini8ni  for  heavy 
Kunv,  and  a  large  accumulation  of  others  of  equal  imj)ortance.  One  thouHaud  specially  made 
engravings.    390  octavo  pages.    Fourth  edition.     Price $3.00 


cblne-Shop  Tools  and  Shop  Practice.    By  W.  H.  Vandervoort. 

A  work  of  555  pagaiand  67.3  illustrations,  describing  in  every  detjiil  the  conHtruotiun.  opera- 
tion and  manipulation  of  both  hand  and  machine  tools.  Includes  chaiitcrH  on  filing,  Kt- 
ting  and  scraping  surfaces;  on  drills.  rejimerH,  taps  and  dien;  the  lathe  and  its  ti.>ols>:  i)l:iners, 
ihapers.  and  their  tools;  milling  machines  and  outters:  gear  <'\itter8  anfl  gear  cutting;  drill- 
ing machines  and  drill  work;  ^(rinding  machines  uml  their  work;  hanlening  and  tempering; 
gearing,  belting  and  transmission  machinery;  useful  data  and  tables.  Sixth  e<iition. 
Woe $3.00 

kChlne-Shop  Arithmetic.    By  Colvin-Cheney. 

This  is  an  arithmetic  of  the  things  you  have  to  do  with  daily.  It  tells  you  plainly  aliout: 
how  to  find  areas  in  Ggures;  how  to  find  surface  or  volume  of  halls  or  HplicrcH;  handy  ways 
for  calculating;  al>out  compound  gearinc:  cutting  mrew^  threads  on  nny  lathe;  drilling  for 
tape;^  speeds  of  drills;  tajM,  emery  whifls,  grindstones,  milling  (-uttrn<,  eti*  ;  all  al>out  the 
Metric  system  with  conversion  tables;  i)roperties  of  metals:  sirengTh  of  bolt.s  and  nuts; 
decimal  equivalent  of  an  inch.  All  tuortu  of  machine-shop  figuring  and  1.001  other  things, 
any  one  of  which  ought  to  be  worth  more  than  the  price  of  this  book  to  you,  as  it  saves  you 
the  trouble  of  bothering  the  boss.    0th  Edition.    131  pages.    Price 50  CCntS 
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"  Shop  KInka."     By  Robert  Gri 

or  common  Abpp  ujUMte  nod  limiu  hu  work  to 
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"pLIlh  ^O^M'^Ki 

The  Modern  machinist.     By  John  T.  Us 

Tliis  IB  II  boak,  ahowing  by  plain  dcMription  m 


and  xiving  goad  results.  It  iniRlit  be  fSled 
varii^ly  of  special  toola  nod  applUncm  •rhich  i 
the  supiTintendcnt  down  to  the  mui  at  the  bi 
Buy  machinigt's  librBrji.  and.Bhoiild  te.ooramll 

DUDner.    Fifth  sditioa.    ^20  pseo.    350  Ultuti 
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MANUAL  TR. 

Economics  of  Haniul  Tnlnlntc.     By  Lot 

Tlio  only  biMic  published  that  iiivai  Ju*t  tbs  inf 
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MARINE  ENGINEEBmG 

naval  Architect's  and  Shipbuilder's  Pocket  Book  of  Formulse,  Rules, 
K;  wad  Tables  and  Marine  Engineer's  and  Surveyor's  Handy  Book  of 
K  Kcfo^nce*    By  Clement  Mackrow  and  Lloyd  Woollard. 

Xhe  eleventh  Revised  and  Enlarged  fldition  of  this  most  compit^hensive  work  has  just  been 

famied.     It  is  absolutdsr  indisi>eiuable  to  all  engaged  in  the  Shipbuilding  Industry  as  it  con- 
j  i_x-  _  ^  *         _ii  j^^-  -_j  *  i_  xi_-^  _  .^     ..  .     ,        ,     book  is 

pages, 

00  net 


denses  into  a  compact  form  all  data  and  formuls  that  are  ordinarily  required.  The  I 
completely  up  to  date,  including  among  other  subjects  a  section  on  Aeronautics.  7oO 
Ump  leather  binding.     Price 85«Q 


ffmm  Engines  and  Boilers:  Their  Design  and  Construction.    By  Dr.  G. 
Baukr,  Leslie  S.  Robertson  and  S.  Bryan  Donkin. 

^  In  the  words  of  Dr.  Bauer,  the  present  work  owes  its  origin  to  an  oft  felt  want  of  a  cqnden9(7d 
[  treatiflo  embodying  the  thcoreti<>4il  and  practiral  rules  uao<l  in  designing  murine  eiieinos  and 
boilers.  The  need  of  such  a  work  had  been  folt  by  most  engineers  engaged  in  the  construction 
and  working  of  marine  engines,  not  only  by  tlie  younger  men,  but  also  by  those  of  greater  cx- 
Miience.  The  fact  that  the  original  Cjcrman  work  was  written  by  the  chief  engineer  of  the 
laznoiis  Vulcan  Works.  Stettin,  is  in  itself  a  guanintee  that  this  book  is  in  all  respects  thor- 
oughly up-to-date,  and  that  it  embodies  all  the  information  which  is  necesdary  for  the  design 
And  construction  of  the  highest  types  of  marine  engines  and  boilers.  It  may  oe  eaid  that  the 
niotive  power  which  Dr.  Bauer  has  placed  in  the  fast  German  liners  that  liave  been  turned  out 
of  late  years  from  the  Stettin  Works  represent  the  very  best  practice  in  marine  engineering  of 
tlw  present  day.  The  work  is  clearly  written,  thoroughly  systematic,  theoretically  sound; 
irhile  the  character  of  the  plans,  drawings,  tables,  and  statistics  is  without  reproach.  The 
iliiMtrations  are  careful  reproductions  from  actual  working  drawings,  with  some  well- executed 
pbotoiptiphic  views  of  completed  engines  and  boilers.  744  pages,  550  illustrations  and  num- 
erous tables.    Cloth.    Price S9.00  net 


MINING 


I  Deposits,  with  a  Chapter  on  Hints  to  Prospectors.    By  J.  P.  Johnson. 

This  book  gives  a  condensed  account  of  the  ore  deposits  at  pre.«»ent  known  in  South  Africa. 
It  is  also  intended  as  a  guide  to  the  prospector.  Only  an  elementary  knowledge  of  geology 
and  some  mining  experience  are  neceasarjr  in  order  to  understand  this  work.  With  these 
qualifications,  it  will  materially  assist  one  in  hLs  search  for  metalliferous  mineral  occurrences 
and,  so  far  as  simple  ores  are  concerned,  should  enable  one  to  form  some  idea  of  the  |)o.ssi- 
bilities  of  any  be  may  find.    Illustrated.    Cloth.    Price $!3.00 


ictleal  Coal  Mining.    By  T.  H.  Cockin. 

An  important  work,  containing  428  pages  and  21.3  illustrations,  complete  with  practical  details, 
which  wilj  intuitively  impart  to  the  reader  not  only  a  general  knowledge  of  the  principles 
of  ooal  mining,  but  also  considerable  insight  into  a!He<l  subjects.  The  treatise  \»  positively 
U|>-to-date  in  every  inst-ance,  and  should  be  in  the  hands  of  every  colliery  engineer,  geologist, 
mine  operator,  superintendent,  foreman,  and  all  others  who  are  interested  in  or  connected  with 
the  industry.     3d  Edition.     Cloth.     Price $Z*50 


fslcs  and  Chemistry  of  Mining.    By  T.  II.  Byrom. 

A  practical  work  for  the  use  of  all  preparing  for  examinations  in  mining  or  qualifying  for 
colliery  managers'  certificates.  The  aim  of  the  author  in  this  excellent  book  is  to  place  clearly 
before  the  reader  useful  and  authoritative  data  which  will  render  him  valuable  a.Hsistance  in 
his  studies.  The  only  work  of  itn  kind  publishcKi.  The  information  incorporated  in  it  will 
prove  of  the  greatest  practical  utilitv  to  students,  mining  engineers,  colliery  managers,  and 
all  others  who  arc  specially  interested  in  the  presentnlay  treatment  of  mining  problems.  160 
pages,  illustrated.     Price   $2.00 
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PracUeal  Pattern  Hftktng.    By  F.  W.  B 

iHHtrut^tioi^  on  the  uiw  at  ploaUir  ot  pAris  in  the 
tious  of  the  iTi&teriblfl  uaed  by  puttem  luaken 


Peifiunes  And  CoHinetlcs:  Their  Preparai 

AaKiNSON,  Perfumer. 

A  campirheDMive  tr»lise,  in  which  Lhm  hu 

mlHi  ft  dulsiled  dauription  of  ■raniul'u:  HUhalBn 
»me  muuluture,  incLudini  >  chnpier  on  syi 
A  book  of  ffcaero]  aa  well  oa  profauDHftl  Lnlr, 

LThe  HuK^of^PfrfimrrT^'a/Abliut  Ami 
Ihr  VeKPtaljle  KLnedom.  4.  The  Aroimtic  Vi 
S.  The  AniiDslSubiContvaUMd  in  Perfumery. 
7.  The  Ertrncliop  of  Odora.  S.  The  SpeciBf  CI 
AduluratioD  of  EnPnti&l  Oils  nnd  Their  Reri 
of  Phj-siCBl  Propertia  of  Arorootic  Chcmiml 
in  foifumery.  13.  Direi^lioas  for  Mnlant  tl 
14.  The  Diviiion  of  Poriumny.  15.  The  Miin 
mutu  lor  ilnndkerchief  Ferfumn.  17.  Ami 
funi«.  IB.  FormulM  lor  Dry  PerfumM,  20. 
liHptir  and  Thenpeulie  Vulue  of  Perfumes. 
Perfntnrry  ProdurU.  24.  Hyiiiene  and  Couoe 
of  the  Skin.     26.  Muiufbrlure  of  C'B»-in.    27 

the  Hkir.  31.  Formuliu  for  Iliir  TonicB  n 
33.  Formulu  for  the  Msnufseture  of  Pomulei 
toriee.  39.  Wsi  Patnadn,  i3uidolin«  ai 
Fucr  Lolionii.  37.  Prrpnistiom  for  the  Nulf 
PrepnmtiDnB  for  (he  Cure  of  Ihe  Mouth.  40.  T 
oib  I'trd  in  Ihe  Toilet.  Fourth  edition,  n.u 
40U  p«Kra.  illualrated.    Price 
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PLUMBING 
^anical  l>rawiiig  for  Plumbers*    By  R.  M.  Starbuck. 

A  concise,  romprehensive  and  practical  treatiac  on  the  subject  of  mechanical  drawing  in  i 
▼mriouM  modem  applications  to  the  work  of  all  who  are  in  any  wav  connected  with  the  plum 
ins  trade.  Nothing  will  so  help  the  plumber  in  estimating  ana  in  explaining  work  to  cu 
t<»ners  and  workmen  as  a  knowledge  of  drawing,  and  to  the  workman  it  is  of  inratimab 
Tmlue  if  he  is  to  rise  above  his  position  to  positions  of  greater  res^nsibility.  Among  tl 
ohAptera  contained  are:  1.  Value  to  plumber  of  knowledge  of  drawmg;  tools  rcquirea  ai 
tlunr  use;   common  views  needed  in  mechanical  drawing.     2.  Perspective  versus  mechanic 


gumbing  elevations  and  fittings.  7.  Instructions  in  drawing  plumbing  elevations.  8.  Tl 
mwing  of  plumbing  fixtures;  scale  drawings.  0.  Drawings  of  fixtures  and  fittings.  10.  In 
ins  <^  drawings.  11.  Shading  of  drawings.  12.  Shading  of  drawings.  13.  Sectional  drawing 
dbmwing  of  threads.  14.  Plumbing  elevations  from  architect's  plan.  15.  Elevations  of  sep 
xmte  parts  of  the  plumbing  system.  16.  Elevations  from  the  architect's  plans.  17.  Drawin; 
of  detail  plumbing  connections.  18.  Architect's  plans  and  plumbing  elevations  of  resident 
19.  Plumbing  elevations  of  residence  (cominttecO ;  plumbing  plans  for  cottage.  20.  Plumbii 
elevations;  roof  connections.  21.  Plans  and  plumbing  elevations  for  six-flat  building.  2 
Drawing  of  various  parts  of  the  plumbing  system;  use  of  scales.  23.  Use  of  architect's  soak 
24.  %>ecial  features  in  the  illustrations  of  country  plumbing.  25.  Drawing  of  wrought-in 
piping,  valves,  radiators,  cmIs,  eto.  26.  Drawing  of  piping  to  illustrate  heating  system 
160  ilhistrati<Hia.    Price ^1^ 


Acm  Ptambiiig  Dliistnited.    By  R.  M.  Starbuck. 

This  book  represents  the  highest  standard  of  plumhins  work.  It  has  been  adopted  and  um 
■•  a  reference  book  by  the  United  States  Government  in  its  sanitary  work  in  Cubs,  Por 
Rico  and  the  Philippines,  and  by  the  principal  Boards  of  Health  of  the  Ignited  States  nr 
Canada. 

It  gives  connections,  siies  and  working  data  for  all  fixtun's  and  groupn  of  fixtiireM.  It  in  hoi] 
ful  to  the  master  plumber  in  demonstrating  to  his  cu.Htomers  and  in  fiKuring  work.  It  givi 
the  mechanic  and  student  quick  and  catty  arocsa  to  the  bcwt  nio<li'rn  plunibinK  iirnctioc.  Sui 
Sestions  for  estimating  plumbing  ronstrurtion  an^  oontained  in  itn  pn^ox.  This  lx>ok  rcpr 
aents.  in  a  word,  the  latest  and  best  ui>-to-<latc  pnirtion  ami  slioiild  Im*  in  the  hands  of  ovri 
architect,  sanitary  engineer  and  plumber  who  wisluM  to  keen  hiniHcIf  up  to  the  minute  c 
this  important  feature  of  oonstnirtion.  Contains  foliowinK  cnnptrix.  vavh  illuxtrati'd  with 
full-page  plate:  Kitchen  sink,  laundry  tubs,  vegetable  Wil^h  niiik:  lavntoricH.  p.intr>'  hink 
contents  of  marble  slabs;  bath  tub.  foot  and  sits  buth,  tihowor  hiith:  wntor  clr>M-t8.  vontir 
of  water  closets;  low-<lown  water  cloHOts,  water  clow-ts  op<'nitr«l  by  flush  valves^  wftt<*r  cIotM 
range;  slop  sink,  urinals,  the  bidet;  hotel  and  res^tniinint  hink.  tcre:)he  trap;  refriirerator 
safe  wastes,  laundry  waste,  lines  of  n>friKeratorM.  bar  ninks,  soda  fountain  hinkn;  horse  stal 
froflt-proof  water  closets;  connections  for  S  trap.s,  ventinp;  r<innci'ti(iiiH  for  dnmi  trap 
aoil-pipe  connections;  supporting  of  soil  piT)e;  main  tnip  and  frr.oh-air  inlet;  floor  drains  an 
cellar  drains,  subsoil  drainage;  water  ^•l(te^•ts  and  fio<ir  eonneetionn;  local  vent  in  jr;  eoniieetior 
for  bath  rooms;  connections  for  bath  rooni;*.  nmtinutd;  exarnplcs  of  poor  jjraclire;  rou^^hir 
work  ready  for  test;  testinic  of  plumbing  system";  metluKl  t\\  eontinuous  venting!-  continuoi 
venting  for  two-floor  work;  continuous  venting  for  two  lines  of  fixtures  on  tlir»'<'  or  moi 
floors:  continuous  ventinir  of  water  closets;  plumbing  for  oottaee  hous4*:  conhtruetion  f( 
cellar  piping;  plumbing  for  residence,  use  of  speeial  fittinirs:  iWumbinR  for  two-flat  hoUH 
plumbing  for  apartment  building,  plumbing  for  double  anartnient  buildinir:  itlumbing  U 
office  building;  plumbing  for  public  toilet  rooms;  plnmbinir  for  public  toilet  rooms,  roi 
tinued;  plumbimz  for  bath  establishment;  plumbinie  for  engine  house,  factory  pliimbipi 
automatic  flushing  for  sehools,  faetories.  etc.;  use  of  flushing  valves:  urinals  for  public  toili 
rooms;  the  Durham  system,  the  destnietion  of  pip«»s  bv  eleetroly-»is:  eonstnirtion  of  wor 
without  use  of  lead;  automatie  sewaee  lift:  automatic  sump  tank;  countr>'  plumbini 
construction  of  ee!«flp<K»ls:  seotie  tank  an<l  automatic  sewage^  siphon:  water  supply  ft: 
country  house;  thawing  of  water  mains  and  s^Tviee  by  eleetrieity:  double  boilers;  h( 
water  supply  of  large  buildings;  automatie  control  of  hot^water  tank;  Rugicestions  fr. 
estimatin/t  plumbing  construction.  407  octavo  pavLt*,  ^^^\\v  \\\v»\va.Vv^  Vj  'v^l  VjS^-'^swj 
engrmvimga.     Thirci,  revised  and  enlarged  <Hl\tioi\,  W»^  vsauvd.    Yrvcv*, ^ 
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Standard  Practical  Plumbing.    By  R.  M.  ^tarbuck. 

A  complete  practical  treatise  of  450  pages,  covering  the  subject  of  Modem  PIiu 
branches,  a  large  amount  of  space  being  devoted  to  a  very  complete  and  practic 
the  subject  of  Hot  Water  Supply  and  Circulation  and  Range  Boiler  Work.  It« 
include  about  every  phase  of  the  subject  one  can  think  of,  making  it  an  indiapt 
the  master  plumber,  the  joumejrman  plumber,  and  the  apprentice  plumber,  c( 
ters  on:  the  plumber's  tools;  wiping  solder;  composition  and  use;  joint  wipi 
traps;  siphonage  of  traps;  venting;  continuous  venting;  house  sewer  and  sew 
house  drain;  soil  piping,  roughing;  main  trap  and  fresh  air  inlet;  floor,  yart 
rain  leaders,  etc.j  fixture  wastes;  water  closets;  ventilation;  improved  plumbi 
residence  plumbing;  plumbing  for  hotels,  schools,  factories,  stables,  et«.;  n 
plumbing;  filtration  of  sewage  and  water  supply;  hot  and  cold  supply;  range  I 
tion;  circulating  piptes;  range  boiler  problems;  hot  water  for  large  buildings; 
its  use;  multiple  connections  for  hot  water  boilers;  heating  of  radiation  by 
theory  for  the  plumber;  drawing  for  the  plumber.  Fully  illustrated  by  Z 
Price 

RECIPE  BOOK 


Menley's  Twentieth  Century  Book  of  Bedpes,  Formulas  and 

Edited  by  Gardner  D.  Hiscox. 

The  most  valuable  Techno-chemical  Formula  Book  published,  including  over 
scientific,  chemical,  technological,  and  practical  recipes  and  procei^es. 
This  is  the  most  complete  Book  of  Formulas  ever  published,  giving  thousand; 
the  manufacture  of  valuable  articles  for  everjrday  use.     Hints,  Helpe,  Practi 
Secret  Processes  are  revealed  withip  its  pages.     It  covers  every  branch  of  the 
tells  thousands  of  ways  of  making  money,  and  is  just  the  book  everyone  shot 
command. 

Modem  in  its  treatment  of  every  subject  that  properly  falls  within  its  scope, 
truthfully  be  said  to  present  the  very  latest  formulas  to  be  found  in  the  arts 
and  to  retain  those  processes  which  long  experience  has  proven  w^orthy  of  a  per 
To  present  here  even  a  limited  number  of  the  subjects  which  find  a  place  in  this 
would  be  difficult.     Suffice  to  say  that  in  its  pages  will  be  found  matt«r  of  int^x 
immeasurably  practical  value  to  the  scientific  amateur  and  to  him  who  wif^ 
knowledge  of  the  many  processes  used  in  the  arts,  trades  and  manufactun 
which    will    render    his    pursuits   more    instructive    and    remunerative, 
reference  book  to  the  small  and  large  manufacturer  and  supplying  intelligent  s* 
information  necessary  to  conduct  a  process,  the  work  will  be  found  of  inestii 
the  Metallurgist,  the  Photographer,  the  P^umer,  the  Painter,  the  Manufac 
Pastes,  Cements,  and  Mucilages,  the  Compounder  of  Allov^,  the  Cook,  the 
Druggist,  the  Electrician,  the  Brewer,  the  Engineer,  the  Foundryman,  the 
Potter,  the  Tanner,  the  Confectioner,  the  Chiropodist,  the  Manicurist,  the  \ 
Chemical  Novelties  and  Toilet  Preparations,  the  Dver,  the  Electroplater,  the 
Engraver,  the  Provisioner,  the  Glass  Worker,  the  Goldbeater,  the  Watchmakc 
the  Hat  Maker,  the  Ink  Manufacturer,  the  Optician,  the  Farmer,  the  Dairyx 
Maker,  the  Wood  and  Metal  Worker,  the  Chandler  and  Soap  Maker,  the  Vet«i 
and  the  Technologist  in  general. 

A  mine  of  information,  and  up-to-date  in  evei^  respect.     A  book  which  will 
to  EVERYONE,  as  it  covers  every  branch  of  tne  Useful  Arts.     Every  home  n 
every  office,  every  factory,  every  store,  every  public  and  private  enterprise — ^E\ 
— should  have  a  copy.     800  pages.     Price 

WHAT  IS  SAID  OF  THIS  BOOK: 

"Your  Twentieth  Century  Book  of  Recipes,  Formulas,  and  Procesaes  duly  it 
glad  to  have  a  copy  of  it,  and  if  I  could  not  replace  it,  money  couldn't  buy  it. 
thing  of  the  sort  I  ever  saw."     (Signed)     M.  £.  Tbux,  Sparta,  Wis. 

"There  are  few  persons  who  would  not  be  able  to  find  in  the  book  some  sin^ 
would  repay  several  times  the  cost  of  the  book." — MerchanW  Record  and  Show  I 

"  I  purchased  your  book, '  Henley's  Twentieth  Century  Book  of  Recipes,  Form" 
esses,'  about  a  year  ago  and  it  is  worth  its  weight  in  gold.*^ — Wm.  H.  Murbat,  Be 

"ONE  OF  THE  WORLD'S  MOST  USEFUL  BOOKS" 

"  Some  time  ago  I  got  one  of  your  '  Twentieth  Century  Books  of  Formulas,*  a 
my  liWng  from  it  ever  since.     I  am  alone  since  my  husband's  death  with  two 
io  care  for  and  am  trying  so  hard  to  support  them.     I  have  customers  who 
Toilet  Articles  I  put  up,  foUo^^ing  directions  given  in  the  book,  and  I  have  fooi 
them  to  be  fine."— Mrs.  J.  H.  McMaken.  West  Toledo,  Ohio. 
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RUBBER 


Hand  Stamps  and  the  Manipulation  of  India  Rubber.     By  T. 
f  O'CoNOB  Sloane. 

I  Thu  book  gives  full  drtails  on  all  points,  treating  in  a  concise  and  hiniple  nwinnr-r  tho  el<  niont.<) 
t   of  nearly  everything  it  is  neceiwary  to  unticretand  for  a  runinicnrcmenr  in  any  branch  uf  tlip 

.1  India  Rubber  Manuf  art  urn.  Tht*  makinK  uf  all  kinds  of  HuUkt  Hand  Stump:*,  .Srii.ill  ArticlcH 
h  ti  India  Rubber,  U.  S.  Government  C'onipoeition,  DatinK  Hand  Stamps,  the  Manipulation  of 
f  Sheet  Rubber,  Toy  Balloons,  India  HubbtT  Solutions,  Ccmctitn.  Hlackinvn,  i{(-nr)vatin»;. 
*■    Vamiah,  and  Treatment  for  India  Rubber  Sho<*s,  ftr.;   tluj  Hi'ktoKraph  Stamp  Ink«,  antl  Mis- 

i     eellaneous  Notes,  with  a  Short  Account  of  the  Discovery,  Collt-cf.ion  and  Manufacture  of  India 

f      Rubber,  are  set  iforth  in  a  manner  de»iRne<l  to  be  n'a<lily  understoo<l,  the  exphuiation.-s  beinj; 

f  plain  and  simple.  Including  a  chapter  on  Rubber  Tire  Making  and  Vulc:iiiizin»r;  al^o  a 
chapter  ou  the  uses  of  rubber  in  Surgery  and  Dentistry,  .'inl  He\ised  and  Ihiiartriti  Kdition. 
17o  pages.     Illustrated $1.00 


SAWS 


r  Flllns  and  Management  of  Saws.    By  Rovkrt  Ghimriiaw. 

A  practical  hand-book  on  filing,  gumming,  ^<waKing,  hammcrim;,  atid  the  brazing  of  band 
saws,  the  speed,  work,  and  power  U)  run  rircuhir  »uv^.->,  etc.  A  handy  book  for  tln>.-e  who  liavo 
charge  of  saw^,  or  for  those  mochanic8  who  do  their  own  filing,  as  it  dr'aK  with  the  proper 
shape  and  pitches  of  saw  t«.Tth  of  all  kinds  and  gives  many  us«-ful  hints  and  rides  f<ir  (fumming, 
aettmg,  and  filing,  and  is  a  practical  aid  to  tho^e  who  u>e  .saws  for  any  purpoM>.  ('«>mph'ie 
tablei)  of  proper  shaiie.  pitch,  atid  saw  teeth  as  well  as  .si/cs  an<l  number  of  t<cth  of  vaiiou.^ 
saws  are  included.    3rd  Edition,  Revised  and  Knlatged.     liiust.rateiJ.  Price SI  .00 


STEAM  ENGINEERING 


orlcan  Stationary  Englneerlnfc-    By  W.  K.  (Jkaxe. 

This  book  begins  at  the  boiler  room  and  t:ikes  in  the  wlmli'  i)owpr  pliint.  A  plain  talk  on 
every-day  work  about  enjrines,  boilers,  arui  their  acces.sories.  It  i-,  not  intendnl  to  be  scien- 
tific or  mathematical.  All  formulas  are  in  sinipU-  form  mi  that  any  one  titulri standing  jilaiu 
Arithmetic  can  readily  uuder^itand  any  of  them.  The  author  h:is  niade  thi-«  tin*  most  practical 
book  in  print:  has  given  the  results  of  his  years  of  cxperiince.  and  lias  inchi(ie<l  abuut  all  that 
has  to  do  with  an  engine  room  or  a  power  plant.  You  an*  not  li>ft  to  t^uess  at  a  ."InKJe  point. 
You  arc  shown  clearly  what  to  expect  umler  the  various  conditions:  how  to  >.ccure  the  best 
results;  ways  of  preventing  "shut  <lowns"  and  repairs;  in  nhort,  all  that  j?»ms  tt)  make  up  the 
requirements  of  a  goo<i  cnKineer,  capable  of  takin:;  chaiL'e  nf  a  ]>lant.  It's  plain  enoiign  for 
practical  men  and  yet  of  value  to  tho-i-  high  in  (he  profc'.-ion. 

A  partial  list  of  contents  is:  The  boiU-r  roonj,  cleaning  Imilcrs,  firini:,  f«e<|inK;  punips.  inspec- 
tion and  repair;  cliimnevs.  sizes  and  cost :  pipim:;  ma-on  work;  foundations;  te^tiiuj  cement; 
pile  driving:  engines.  »)ow  aivl  high  s^khhI;  valves;  valve  M-ttinu;  ('(»rli^s  engines,  settitig 
valves,  single  amLdouble  «'ecentrie;  air  pumps  :ind  cori(lcn.-<»rs:  ditTeri-nt  types  of  ccjnden- 
sers;  water  neciJcil;  lining  up;  iKiunds;  pin-  n<>t  sipiare  in  rrosjshi'.id  or  crank;  enirineers' 
tools;  pistons  and  piston  rimrs;  Waring  inctal;  h:ii(len«'<l  copper;  drip  pipes  from  cylinder 
jacket;  belts,  how  in.tde,  care  of;  oils;  gnvi^es;  te-<hmr  lubricants;  rules  and  tables,  in- 
cluding steam  tables;  areas  of  senment->;  wiuares  ami  s<juare  roots;  cubes  and  cube  r(K>t; 
areas  and  circumferences  of  cir<'les.  Notes  on:  Brick  work;  e\pl(»si(,ns;  pumps;  pump 
valves;  heaters,  economizers;  safety  valves;  lap,  lead.  an«l  clearMne*-.  Has  a  complete  ex- 
amination for  u  license,  etc.,  etc.    .'Jrd  F^lition.    34.'>  pages,  illustrated.    Price  ....  ^2.00 


•sepower  Chart. 

Shows  the  horsepower  of  any  stationary  engine  without  <«alctdation.  No  matter  what  the 
cylinder  diameter  of  stroke,  the  steam  pressure  of  «'ut-ofT,  the  revolutions,  or  whether  con- 
densing or  non-condensinu.  it's  all  there.  Ea.sy  to  use.  accurate,  and  saves  time  and  calcula- 
tions.    Especially  useful  to  engineers  and  designers.     Price 50  CentS 


steam  Englae  Csteeblsm.    It 

TUi  unique  volume  of  41:1  f-^f- 
but  it  RlDUina  rurmuTiui  simI  »:• 

^af**dih  iheir"!!ii'n?i!|!li'^"uf''o|H- 

EngSwrinS*  'C^iili'ril«in5^r' 
oer  u  welJ  u  ■  retereiire  bonh  I 

worC  ™b  Editiim,  '""■!?«    ". 

Steun  Eivlneer*s  Arithmetic. 

A  powlirsl  potl(el-l)ook  for  the 

ofboiierv:  has  tabled  of  Areod  and  r 
tnnu.  Puta  you  on  to  all  ol  Ih.' 
power  pUnt.     Trlls  you  about   tl 

limple— not  tbB  hardest  way  lo  tin 

bgliie  Teats  and  Boiler  Efflcit 

Thia  work  fully  describes  and  illii 
turbinn  and  •^Iplaiive  moton.  T 
Combustion  of  fuel  and  c-himney  ■ 
255  pagn.  179  illuatratioiu.     J*ri< 

bglne  Eunnn's  Catechism. 
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STEAM  HEATING  AND  VENTILATION 
ettcal  Steam,  Hot-Water  Heating  and  Ventilation.    By  A.  G.  King. 

This  book  is  the  standard  and  latest  work  publislied  on  the  subject  and  has  been  prepared  for 
the  use  of  all  engaged  in  the  business  of  steam,  hot-water  heating,  and  ventilation.  It  is  an 
original  and  exhaustive  work.  Tells  how  to  get  heating  contracts,  how  to  install  heating  and 
ventilating  apparatus,  the  best  business  methods  to  be  used,  with  "Tricks  of  the  Trade"  for 
■hop  use.  Kales  and  data  for  estimating  radiation  and  cost  and  such  tables  and  information 
ma  make  it  an  indispensable  work  for  everyone  interested  in  steam,  hot-water  heating,  and 
ventilation.  It  describes  all  the  principal  systems  of  steam,  hot-water,  vacuum,  vapor,  and 
▼acuum-viux)r  heating,  together  with  the  new  accelerated  systems  of  hot-water  circulation, 
including  chapters  on  up-to-date  methods  of  ventilation  and  the  fan  or  blower  system  of  heat- 
ing and  ventilation.  Containing  chaptere  on:  I.  Introduction.  II.  Heat.  III.  Evolution 
of  artificial  heating  apparatus.  IV..  Boiler  surface  and  settings.  V.  The  chimney  flue. 
VI.  Pipe  and  fitting.  VII.  Valves,  various  kinds.  VIII.  Forms  of  radiating  surfaces.  IX. 
Locating  of  radiating  surfaces.  X.  Estimating  radiation.  X^  Steam-heating  apparatus. 
XII.  Exhaust-steam  heating.  XIII.  Hot-water  heating.  XIV.  Pressure  systems  of  hot-water 
work.  XV.  Hot-water  appliances.  XVI.  Greenhouse  heating.  XVII.  Vacuum  vapor  and 
vacuum  exhaust  heating.  XVIII.  Miscellaneous  heating.  XIX.  Radiator  and  pipe  connec- 
tions. XX.  Ventilation.  XXI.  Mechanical  ventilation  and  hot-blast  heating.  XXII. 
Steam  appliances.  XXIII.  District  heating.  XXIV.  Pipe  and  boiler  covering.  XXV.  Tem- 
perature regulation  and  heat  control.  XXVI.  Business  methods.  XXVII.  Miscellaneous. 
XXVIII.  Rules,  tables,  and  useful  information.  3U7  pages,  300  detailed  engravings.  2nd 
Edition — Revised.     Price $3.00 


e  Hundred  Plain  Answers  to  Direct  Questions  on  Steam,  Hot-Water, 
Vapor  and  Vacuum  Heating  Practice.    By  Alfred  G.  King. 

This  work,  Just  off  the  press,  is  arranged  in  question  and  annwer  form;  it  is  intended  as  a 
fcuide  and  text-book  for  the  younger,  inexporicni-ed  fitter  and  as  a  reference  book  for  all 
fitters.  This  book  tells  "how"  and  also  tolls  "why".  No  work  of  its  kind  has  over  been 
published.  It  answers  all  the  questions  regarding  each  method  or  KyMtom  that  would  be 
asked  by  the  steam  fitter  or  heating  contractor,  and  may  be  u.sod  an  a  text  or  rcforence  book, 
and  for  examination  questions  by  Trade  Schools  or  Steam  Fitters'  Associations.  Rules,  data, 
tables  and  descriptive  methods  are  given,  together  with  much  other  detailed  information  of 
'daily  practical  use  to  those  engaged  in  or  intere8te<l  in  the  various  n?etho<ls  of  heating.  Val- 
uable to  those  preparing  for  examination.s.  .Answers  every  question  asked  relating  to  mo<lern 
Steam,  Hot-Water,  Vapor  and  Vacuum  Heating.  Among  the  contents  are:  The  Theory  and 
I.AWS  of  Heat.  Methods  of  Heating.  Chimneys  and  Flu(|8.  Boilers  for  Heating.  Boiler 
Trimmings  and  Settings.  Radiation.  Steam  Heating.  Boiler,  Radiator  and  Pipe  Connec- 
tions for  Steam  Heating.  Hot  Water  Heating.  The  Two-Pipe  (iravity  System  of  Hot  Water 
Heating.  The  Circuit  System  of  Hot  Water  Heating.  The  Overhead  System  of  Hot  Water 
Heating.  Boiler,  Radiator  and  P\po.  Connections  for  Gravity  Systems  of  Hot  Water  Heat>- 
ing.  Accelerated  Hot  Water  Heating.  Expansion  Tank  Connections.  Domestic  Hot  Water 
Heating.  Valves  and  Air  Valves.  Vacuum  Vapor  and  Vacuo-Vapor  Heating.  Mechanical 
Svatems  of  Vacuum  Heating.  Non-Mechanical  Vacuum  Systems.  Vapor  Systems.  Atmos- 
pheric and  Modulating  Systems.  Heating  Greenhouses.  Information,  Rules  and  Tables. 
200  pages,  127  illustrations.    Octavo.    Cloth.    Price ^IM 


STEEL 

rdenlng.  Tempering,  Annealing,  and  Forging  of  Steel.    By  J.  V.  Wood- 
worth. 

A  new  work  treating  in  a  clear,  concise  manner  all  modem  processes  for  the  heating,  anneal- 
ing, forging,  welding,  hardening  and  tempering  of  steel,  making  it  a  book  of  great  practical 
value  to  the  metal-working  mechanic  in  general,  with  si)ecial  directions  for  the  successful 
hardening  and  tempering  of  all  steel  tools  used  in  theartis,  including  milling  cutters,  taps,  thread 
dies,  reamers,  both  solid  and  shell,  hollow  mills,  punches  and  dies,  and  all  kinds  of  sheet- 
metal  working  tools,  shear  blades,  saws,  fine  cutlery,  and  metal-cutting  tooU  ©f  all  descrip- 
tion, as  well  as  for  all  implements  of  steel  both  large  and  small.  In  this  vprk  the  simplest 
and  most  satisfactory  hardening  and  tempering  processes  are  given. 


THE    NORMAN    W.    HENl 


hv  UKs  to  which  the  lautina  bnnilt  ol  Mi 
iFir  imtiiienl  loi  worldui  under  dlflpnut 
■I  Ihr  huclnninK  snd  Irmpfring  at  >pKial  b 
thnplrr  devour!  to  Oir  rtifltrrnl  mepmuwh 

on,    288  |i»*ta.    Ml  Ulu»tniiioD«.    Prim  , 


Steel:   Its  Selection,  Annealing,  Hare 

Markuam, 

Thia  wntk  wsa  formtrly  known  u  -The  A 
of  th«  ii«H,  revUcl  nliliDD.  Ihc  uubluhen  d 
BUilnbln  DUF,    It  ia  Ihe  >taod>rd  work  on  Hsrd> 


TRACT 
The  Hodern  Gfts  Tractor.    By  Victor 


lex-trini  and  eulftr^fid.    5Q4  pagt«.    NnrLy  30 
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WATCH  MAKING 

MftOiaker's  Handbook.    By  Claudius  Saunier. 

No  work  issued  can  compare  with  this  book  for  clearness  and  completeness.  It  contains 
498  pages  and  is  intended  as  a  workshop  companion  for  those  engaged  in  watch-making  and 
aJlied  mechanical  arts.-  Nearly  250  engravings  and  fourteen  plates  are  included.  This  ia 
the  standard  work  on  watch-making.    Price $3.00 


WELDING 


UMnobfle  Wddlns  with  the  Oxy- Acetylene  Flame.     By  M.  Keith  Dunham. 

Explains  in  a  simple  manner  apparatus  to  be  used,  its  care,  and  how  to  construct  necessary 
ahop  equipment.  Proceeds  then  -to  the  actual  welding  of  all  automobile  parts,  in  a  manner 
uncierBtandable  by  every  one.  Gives  principles  never  to  be  forgotten.  Aluminum,  cast  iron, 
steel,  copper,  brass,  bronse,  and  malleable  iron  are  fully  treated,  as  well  as  a  clear  explana- 
tion of  tne  pro|>er  manner  to  bum  the  carbon  out  of  the  combustion  head.  This  book  is  of 
utmost  value,  since  the  perplexing  problems  arising  when  metal  is  heated  to  a  melting  point 
are  fully  explained  and  the  proper  methods  to  overcome  them  shown.  167  pages,  fully  illus- 
trated.   Price 91.00 


Every  Practical  Man  Needs 
Will  Tell   Him  How   To  Ms 


Have  us  enter  your  subscriptio 
ical  magazine  on  the  market 
a  year  for  twelve  numbers. 

Everyday  Er 

A  MONTH  [.V  macneinp  devoted  to  prnct 
It4  nim  is  to  jiopulnriee  engineering  a 
of  iijiplied  niecliiinics  and  electricity  in 
alilc  manner.  Tlie  niBgaKinc  mnintnins  its  fi\ 
tlio  (levicpB  dpBcrilM.'d  in  articles  submitted  to 
tested  before  they  are  piibllnlied.  Tliis  inijiortf 
of  the  pubtislicd  material  very  high,  and  it  in 

The  magBfsine  is  the  only  one  iu  this  cot: 
model  building.  Articlea  in  pnst  isaiiea  have 
many  model  boats,  inchidinff  aiibniariues  and  < 
engines,  tlectric  motors  and  gpflcrBtora,  etc.,  i 
one  in  this  magazine. 

Another  popular  department  is  that  devo 
Care,  maintenanee,  and  opcrntinii  receive  full  an 
article  is  written  from  the  practical,  evcryday- 
that  of  the  profeBsioHHl, 

The  mBRBinne  entertains  while  it  inatrticla 
penlahte  mforn  ation  |;iven  in  such  a  style  tl 
and  Hpptie  1  b>  tl  c  man  with  little  or  no  teehn! 
before  the  man  «ho  leana  toivard  practical  m( 
read  ible  talks  en  what  is  going  on  and  Aoin  if  is 
illustrated  with  clear,  snappy  photographs,  spec 
in  the  magazine's  own  studio  by  its  own  slnfF 
and  editors. 

The  Bubacriplion  price  of  the  i 
Sample  copy  sent  on  receipt  of  lei 
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The  Norman  W.  Henlej 
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